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 SECTION 01050 
 
 FIELD ENGINEERING 
 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 
A. Field engineering for surveying, as-builts, and quantity calculations during on-site work. 
 
1.02 DEFINITIONS 
 
A. Surveyor: Licensed as a surveyor in the Commonwealth of Kentucky. 

 
B. Engineer: Minimum of a Bachelor of Science Degree in Civil Engineering and licensed in the    

Commonwealth of Kentucky. 
 
1.03 REFERENCES 
 
A. Horizontal Control as Applied to Local Surveying Needs, American Congress on Surveying and 

Mapping. 
 
B. Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Committee, 

1984. 
 
1.04  QUALITY CONTROL 
 
A. Maintain complete, accurate log of survey work and redlined, as-built drawings during the progression 

of work.  Changes from the design documents, which are made in the work or additional information 
that might be uncovered in the course of construction, shall be accurately and neatly recorded as they 
occur by means of details and notes. 

 
B. Provide horizontal control for Class 3 surveys and vertical control for third-order level closures. 

Provide horizontal control in accordance with “Horizontal Control as Applied to Local Surveying 
Needs, American Congress on Surveying and Mapping S200,” and vertical control in accordance with 
“Standards and Specifications for Geodetic Control Networks, Federal Geodetic Control Committee, 
1984.” 
 

C. Provide as-built data to the nearest 0.01 ft horizontally and vertically. 
 

D. Legibly record survey field notes on standardized (4-in. x 7 ¼-in.) permanent-bound, hard back, transit 
field books.  Include title of project, name of the survey company, initials of survey party, and date of 
survey.   

 
E. Either a Surveyor or Engineer shall perform layout survey and as-built documentation. Submittals shall 

be sealed and signed by the Surveyor or Engineer. 
 
1.05 SUBMITTALS 
 
A. Submit the following for information: 
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1.  Copy of reduced field notes, calculated coordinates, elevations, and quantity calculations.  Provide 
certification of survey accuracy by the surveyor and quantity calculations by the surveyor or engineer.  
Identify nonconformances upon discovery. 

 
PART 2 PRODUCTS 
 
Not used.   
 
PART 3 EXECUTION 
 
3.01 INSPECTION 
 
A. Verify locations of survey control points before starting work.  Promptly notify the Field Engineer of 

discrepancies.   
 
3.02 INSTALLATION/APPLICATION/ERECTION 
 
A. Control Points 
 

1. Survey control points shall be as identified by the Field Engineer. 
 
2. Protect and preserve survey control points.  Do not make changes to control points unless 

directed in writing by the Field Engineer.  
 
3. Survey control points damaged or destroyed shall be replaced. 

 
4. Establish and maintain a minimum of two permanent benchmarks on the site referenced to data 

established by control points. 
 

5. Record benchmark locations, with horizontal and vertical data, on project record drawings. 
 

B.  Layout Survey 
 

1. Establish lines and levels, locate and layout by instrumentation and similar appropriate means: 
  
a. Site improvements (including pavements). 

 
b. Grid or axis for structures. 

 
2. Periodically verify layouts. 

 
B. As-Built Data 
 

1. Provide as-built redlined drawings located by survey and documented in field books for the 
following: 

 
a. Contract changes in layout and location of work. 

 
b. Existing underground utilities that are not shown on the design documents or that are missing 

coordinates and elevations or deviate from design location. 
 END OF SECTION 
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SECTION 02200 
 

EARTHWORK 
 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 
A. Removal and stockpiling of topsoil, excavation, and compaction of fill and backfill to grade as 

shown on drawings. 
 
1.02 DEFINITION OF TERMS 
 
A. Earth Excavation:  Removal of material to lines, elevations, and dimensions shown on drawings 

and disposition of materials encountered in grading and excavation work. 
 
B. Unauthorized Excavation:  Excavation not required by specifications or drawings or not 

authorized in writing by the Project Manager or designee. 
 
C. Fill:  Earth or other material, as specified, used to bring an existing grade to a specified grade. 
 
D. Backfill:  Earth, crushed stone or other materials as specified used to replace material excavated 

during construction. 
 
E. Subgrade:  Compacted fill or backfill of embankments or undisturbed soil of cut sections, which 

supports base course and wearing surface. 
 
F. Undercutting:  Removal of soft or undesirable materials determined by Project Manager or 

designee encountered in undisturbed subgrade below grades specified for excavation. 
 
G. Spot Subgrade Reinforcement:  Placing accepted geosynthetic materials and fill or backfill in 

areas where authorized undercutting has been performed. 
 
H. Shoring:  A structure such as a metal, hydraulic, mechanical, or timber shoring system that 

supports sides of an excavation and which is designed to prevent cave-ins. 
 
I. Topsoil:  The term topsoil used herein shall mean that portion of the soil profile defined 

technically as the “A” horizon by the Soil Science Society of America. The texture shall be a 
sandy loam, clay loam, loam, silty clay loam, or silt loam as defined by the U.S. Department of 
Agriculture Soil Conservation Service Guide for Technical classification. The topsoil shall be 
capable of producing heavy growths of vegetation; free from subsoil, noxious weeds, stones 
larger than 1 inch in diameter, lime, cement, ashes, slag or other deleterious matter; well drained 
in its original position; free from toxic quantities of acid or alkaline elements; and free of roots 
and other large organic matter. 

 
1.03 REFERENCES 
 
A. ASTM D422 (latest version), Test Method for Particle-Size Analysis of Soils. 
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B. ASTM C136 (latest version), Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 
 

C. ASTM D689 (latest version), Test Method for Laboratory Compaction Characteristics of Soil 
Using Standard Effort. (12,400 ft-lb/ft (600 kN-m/m)) 

 
D. ASTM D1241 (latest version), Standard Specification for Materials for Soil-Aggregate Sub-base, 

Base, and Surface Courses. 
 
E. ASTM D1557 (latest version), Test Method for Laboratory Compaction Characteristics of Soil 

Using Modified Effort. (56,000 ft-lb/ft (2700 kN-m/m)) 
 
F. ASTM D2216 (latest version), Standard Test Method for Laboratory Determination of Water 

(moisture) Content of Soil and Rock. 
 
G. ASTM D2487 (latest version), Standard Classification of Soils for Engineering Purposes (Unified 

Soil Classification System). 
 
H. ASTM D2922 (latest version), Standard Test Methods for Density of Soil and Soil-Aggregate in 

Place by Nuclear Methods (Shallow Depth). 
 
I. ASTM D3017 (latest version), Standard Test Method for Water Content of Soil and Rock 

In-Place by Nuclear Methods (Shallow Depth).  
 
J. ASTM D4318 (latest version), Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 

of Soils. 
 
K. OSHA Code of Federal Regulations 29 CFR 1926, Subpart P - Excavations, latest edition. 
 
1.04 SUBMITTALS (Refer to Exhibit I for Requirements) 
 
A. Not Used. 
 
1.05 RELATED SECTIONS 
 
A. Not Used. 
 
PART 2 PRODUCTS 
 
2.01 MATERIALS 
 
A. Select Fill and Backfill Materials 
 

1. Coarse Stone:  Angular, crushed, free of shale, clay, friable materials, and debris; graded in 
accordance with ASTM C136 within the following limits: size No. 57 stone. 

 
2. Sand:  Natural River, bank, or manufactured sand; washed, free of silt, clay, loam, friable, or 

soluble materials, and organic matter; graded in accordance with ASTM D1241, Fine 
Aggregate. 
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3. Spot Subgrade Repair Materials: Number Two Road Base (RB2) or other material acceptable 
to the Project Manager or designee. 

 
B. Common Fill and Backfill Materials 
 

1. Subsoil:  Reused; free of gravel larger than 3 in. size; free of material with an expansion 
index less than 20; no debris, roots, or vegetation.  Satisfactory borrow to consist of any 
material classified by ASTM D2487 as GW, GP, GM, GC, SW, or SP. 

 
2. Top Soil:   Existing topsoil removed during construction will be considered adequate, if a 

natural, friable soil representative of productive soils and is free of subsoil, clay or impurities, 
plants, weeds, and roots. 

 
2.02 EQUIPMENT 
 
A. Maintain compaction equipment in satisfactory operating condition.  Use compaction equipment 

capable of achieving the degree of compaction specified. 
 
B. Power tampers for use in restricted areas shall be of a type and size suitable to perform required 

compaction. 
 
PART 3  EXECUTION 
 
3.01 PREPARATION 
 
A. Verify that subgrade is not soft, spongy, or composed of otherwise unstable materials.  If unstable 

materials are encountered, stop work and notify the Project Manager or designee. 
 
B. Verify that stockpiled soil and topsoil to be reused are acceptable. 
 
3.02 INSTALLATION/APPLICATION/ERECTION 
 
A. Stripping and Stockpiling Topsoil 
 

1. Erosion control measures: Install prior to stripping. 
 
2. Stripping:  Strip all vegetative matter, topsoil, sod, and rubbish from within portions of the 

job site to be excavated.  Clean Topsoil shall be segregated and stockpiled in the Excavated 
Material Storage Area. 

 
3. Stockpiling:  It is the Subcontractor's responsibility to locate and construct the stockpiles of 

soil so as not to disturb the drainage in the area.  As a minimum, all stockpiled soil from on 
site locations, shall be covered with a single layer of 6-mil polyethylene sheeting anchored to 
prevent lifting from wind. Silt fence shall be installed around the stockpiles per Section 
02270, Erosion Control. 

 
B. Excavation 
 

1. Prior to the start of work, obtain a Trenching, Excavation, and Penetration Permit.  
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2. Carry excavation through whatever materials are encountered to depths shown on the design 
drawings.  Remove all existing fill and other unsatisfactory materials within limits of 
excavation as indicated on drawings. 

 
3. Dispose of excavated materials in accordance with the approved Project Waste Management 

Plan. 
 
4. Backfill unauthorized excavation with clean compacted earth, sand, clay or crushed stone in 

accordance with the requirements of Section D, as directed by the Project Manager or 
designee. 

 
5. The materials shall not obstruct proper drainage of the area.  

 
C. Structural Excavation 
 

1. Excavate subsoil required for building foundations, construction operations, and other work. 
Excavation to be in accordance with OSHA Safety Regulation 29 CFR 1926 
Subpart P - Excavations, latest edition.  Maintain a minimum of 2-ft working space around 
structure.  

 
2. Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required 

to prevent cave-in or loose soil from falling into excavation.  Protection to be in accordance 
with OSHA Safety Regulation 29 CFR 1926 Subpart P - Excavations, latest edition. 

 
D. Backfill and Compaction 
 

1. All areas receiving fill shall be cleared, scarified to a depth of 6 in. and compacted. 
 

2. When existing ground surface has a density less than the density specified under compaction, 
break up the ground surface, pulverize, adjust moisture content to specified limits, and 
compact to specified density. 

 
3. Spread soil material in lifts that shall not exceed 6 in. after compaction. 
 
4. Compact layers by use of a sheepsfoot roller or other methods approved by the Project 

Manager or designee. 
 
5. Compact locations not accessible to mechanical equipment by machine or hand-maneuvered 

power tamping. 
 

6. Project Manager or designee shall accept the compaction effort. No testing is required. 
 

7. Compact all fill not accessible to self-propelled or towed compactors by hand-operated power 
tampers or other accepted means to the specified density. 

 
8. Do not place fill material when weather conditions, condition of the subgrade, or condition of 

the fill material precludes obtaining the specified compaction. 
 
9. Prior to finish grading of the area, complete all backfilling.  Correct any washouts or other 

similar irregularities. 
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10. Grade all exposed earth surfaces to smooth contours and in such a manner to promote 
positive drainage.  The finish for grading shall be that degree ordinarily obtainable for either 
blade-grade or scraper operations or that obtainable by hand shovel operations. 

 
11. Scarify subsoil of area to receive topsoil to a depth of 3 in. 

 
12. Spread a uniform layer of topsoil 4 in. thick.  Topsoil material to be from stockpiled material 

or accepted borrow.  Bond to subsoil by rolling with a light roller or by tamping. Hand rake 
surface. 

 
13. Topsoil shall be placed to lines and grades shown on drawings and a 2 in. layer of straw shall 

be placed on the topsoil if seeding operations will not begin within 2 days following topsoil 
placement. Seeding season and seeding requirements to conform to Section 02936, Seeding.  

 
E. General 
 

1. Maintain excavations free from water, and dispose of excess water by methods in accordance 
with approved project work plans.   
 

2. Maintain newly graded areas until final acceptance by Project Manager or designee. Restore 
areas showing settlement or washes to specified grades prior to final acceptance.   

 
3. Provide temporary shoring and bracing as necessary to safely support excavation.  Remove 

shoring and bracing from excavation as backfilling progresses.  Shoring, in accordance with 
OSHA 29 CFR 1926, Subpart P - Excavations, latest revision, Safety Regulations.   

 
4. Provide erosion and sediment control to minimize erosion and transport of sediment beyond 

limits of the work area.  Methods of control shall conform to Section 02270, Erosion Control.   
 

5. Bind thin layers of added materials to material in place by scarifying and recompacting. 
 
 
3.03 FIELD QUALITY CONTROL 

 
A.  No testing is required. 
 
B. Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall 

not be more than 0.20 ft above or below specified grades. 
 
3.4 PROTECTION 
 
A. Protect existing utility lines and structures in work area and existing roadway structures, seeded 

areas, and other features adjacent to work area during construction activities.  Provide adequate 
shoring and bracing, as required, to protect and maintain the stability of previously constructed 
structures and facilities. 

 
B. Obtain an excavation/penetration permit prior to the start of excavation work. 
 
 

END OF SECTION 
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 SECTION 02225 
 
 TRENCHING 
 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES  
 
A. Excavation of trenches for utilities, compaction of bedding and fill over utilities to subgrade elevation, 

and compaction and backfill requirements. 
 
1.02 REFERENCES 
 
A. ASTM D1241 (latest version), Standard Specification for Materials for Aggregate and Soil-Aggregate 

Subbase, Base and Surface Courses.    
 
B. OSHA Code of Federal Regulations 29 CFR 1926 Subpart P, Excavation, latest revision.   
 
C. Kentucky 2000 (or latest version) Transportation Cabinet/Department of Highways (KDH), Standard 

Specifications for Road and Bridge Construction.   
 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
A. Backfill:  Earth for backfill shall be obtained from an offsite source.  Materials for earth backfill shall be 

dry earth, free from clods of earth, boulders, broken rock or concrete exceeding 3 inches in the larger 
dimension, organic and vegetable matter, rubbish, and other unsuitable material. 

 
B. Sand:  natural sand or crushed stone passing a No. 10 sieve and conforming to gradation requirements 

of ASTM D-1241. 
 

C. Backfill Materials Under Roads and Structures:  Mineral aggregate base to limit settlement. Dense 
Grade Aggregate base shall conform to Sect. 02505, Dense Grade Aggregate Base. 

 
D. Bedding materials for sanitary water piping shall be sand in accordance with KDH, Section 804. 

 
E. Top Soil:  in accordance with Sect. 02200, Earthwork. 

 
 
PART 3 - EXECUTION 
 
3.01 PREPARATION 
 
A. Verify fill materials are acceptable.  Do not use frozen material. 
 
B. Verify areas to be backfilled are free of debris, snow, ice, or water and that the surfaces are not frozen. 

  
 
C. Identify required lines, levels, contours, and datum. 
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3.02 INSTALLATION/APPLICATION/ERECTION 
 
A. Excavation 
 

1. Excavate trenches to a width necessary for proper installation of pipe or other utility to be 
accommodated. Excavation to be in accordance with OSHA Safety Regulation, 
29 CFR 1926.650 and 1926.651.  Clearance between pipe and trench walls, except where 
otherwise specified or indicated on the drawings, shall be 6 in. for trenches less than 2 ft deep 
and 12 in. for trenches more than 2 ft deep. Obtain an excavation permit prior to starting 
excavation activities. 

 
2. Remove excavated materials from the work area to an approved spoils area. 
 
3. Grade excavation top perimeter to prevent surface water runoff into excavation.  Keep trench 

bottom free of standing water.   
 
4. Grade bottom of trench to provide uniform bearing and support for utility either on undisturbed 

soil or properly compacted backfill throughout the length of the utility except where necessary to 
hand excavate for bell or coupling for proper sealing of pipe joints. 

 
5. Hand excavate for bell and spigot after trench has been fine graded to ensure uniform bearing is 

provided for pipe. 
 
6. Remove soft, spongy, or otherwise unstable materials encountered at elevation of pipe, which 

will not provide a firm foundation for the pipe.   
 
B. Bedding/Backfill 
 

1. Promptly backfill utility trenches and around utility structures after utilities have been accepted 
by Field Engineer. 

  
2. Deposit bedding material in 6-in. layers, and carefully ram or tamp until utility has a cover of not 

less than 1 ft.  The remainder of the backfill shall be placed in horizontal layers 12 in. in depth 
and compacted by mounted equipment or hand-maneuvered power compaction tools.  Bedding 
material shall be in accordance with KDH 701.02.04. 

 
3. Remove temporary blocking or cribbing material used to support utility before backfilling.   

 
C. General 
 

1. Notify the Project Manager or designee of unexpected subsurface conditions, and discontinue 
work in affected area until notification to resume work. 

 
2. Do not excavate in the vicinity of buildings and structures below the existing foundation until 

underpinning and shoring have been installed.  Protect or replace existing structures, piping, or 
foundations. 

 
3. In areas where paving, top soiling, or sodding is to be done, stop fill or backfill the required 

distance below finish grade to permit installation of these items. 
 
4. Support pipe during placement and compaction of bedding fill. 
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5. Mineral aggregate base shall begin 2.5 ft from facility or road cut and end 2.5 ft from facility or 

road cut and shall be compacted in 6-in.-deep horizontal layers using hand-maneuvered power 
compacting tools. 
 

3.03 FIELD QUALITY CONTROL 
 
A. Testing  
 

1. No testing is required.  Field Engineer will inspect compaction effort.  
  

B. Top of subgrade shall be a uniformly smooth grade surface without high or low points and shall not be 
more than 0.20 ft above or below specified grades.  Bind thin layers of added materials to material in 
place by scarifying and recompacting.   

 
 
3.04 PROTECTION 
 
A. Protect excavation by shoring, bracing, sheet piling, underpinning, or other methods required to 

prevent cave-in of loose soil from falling into excavation.  Protection shall be in accordance with 
OSHA 29 CFR 1926 Subpart P, Excavations, latest revision. 

 
1. Trenches more than 5 ft in depth shall be shored or laid back to a stable slope or provided with 

some other equivalent means of protection. 
 
2. Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices A and B, as a guide to 

minimum requirements for slopes that are laid back. 
 
3. Refer to OSHA 29 CFR 1926 Subpart P, Excavations, Appendices C through E, as a guide to 

minimum requirements for shoring or bracing. 
 
4. Trenches less than 4 ft in depth shall also be effectively protected when examination of ground 

indicates hazardous ground movement may be expected. 
 
5. Trenches 4 ft deep or more shall have a means of exit requiring no more than 25 ft of lateral 

travel.   
 
 
 END OF SECTION 
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 SECTION 02270 
 
 EROSION CONTROL 
 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 
 A. Temporary control measures for slope protection and controls to reduce erosion, sedimentation, 

and water pollution through the use of erosion control devices. 
 
1.02 REFERENCES 
 

A. ASTM D4355-92, Standard Test Method for Deterioration of Geotextiles from Exposure to 
Ultraviolet Light and Water (Xenon-Arc Type Apparatus).   

 
B. ASTM D4491-92, Standard Test Methods for Water Permeability of Geotextiles by Permittivity. 

 
C. ASTM D4632-91, Standard Test Method for Grab Breaking Load and Elongation of Geotextiles. 

 
D. ASTM D4751-93, Standard Test Method for Determining Opening Size of a Geotextile. 

 
1.03 SUBMITTALS  
 

A. Submit for acceptance the manufacturer’s data for silt fence.   
  
1.04 PROJECT/SITE CONDITIONS 
 

A. Coordinate temporary pollution control provisions with permanent erosion control features to 
assure economical, effective, and continuous erosion control throughout construction and post 
construction periods.  

 
1.05 RELATED SECTIONS 
 

A. Section 02225, Trenching 
 
 
PART 2 PRODUCTS 
 
2.01 MATERIALS  
 

A. Silt Fences  
 

1. Geotextile Filter Fabric:  A non-woven fabric consisting of pervious sheets of propylene, nylon, 
polyester, or ethylene yarn.  Certify material by manufacturer to meet the following requirements.   
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 Physical Requirements for Fabric Silt Fence 
 

Property Test Method Requirement 
Minimum Tensile Strength ASTM D4632 90 lb 
Maximum Elongation at 45 lb ASTM D4632 50% max 
Apparent Opening Size ASTM D4751 AOS < 0.84 mm 
Minimum Permittivity ASTM D4491 1 X 10-2 SEC-1 
Ultraviolet Exposure Strength Retention ASTM D4355 70% @ 500 h 
 

2. Posts:  Wood and a minimum 5 ft long.  Wood posts shall be at least 4 in. diameter or nominal 
2 X 2 in.    

 
3. Preassembled silt fencing may be substituted if it meets the above requirements. 

 
B. Mulching Material  

 
1. Oat, wheat, barley, or rye straw, or excelsior wood fibers, free from weeds, foreign matter 

detrimental to plant life, and dry.  Hay or chopped cornstalks are not acceptable.  Straw shall be 
suitable for spreading with standard mulch blower equipment.   

 
C. Straw Bale Barriers  

 
1. Baled hay or straw containing 5 ft3 or more of material.  Securely bind bales with wire or nylon. 

 
 
PART 3 EXECUTION 
 
3.01  PREPARATION 
 

A. Site Preparation: Prepare site in accordance with good engineering practices for installation of 
surface erosion control features.  Compact surface and remove and replace pockets of soft soil 
with compacted earth material to provide a consistently uniform and stable surface.   

 
3.02  INSTALLATION/APPLICATION/ERECTION 
 

A. General 
 
1. Control surface water runoff on-site and provide temporary soil stabilization measures as required 

to prevent removal of soil by action of either water or wind, more commonly known as erosion. 
Protect land areas adjacent to work site from sedimentation by installation of erosion and sediment 
control measures.  Provide, as a first step in construction operation, sediment basins and traps, 
perimeter barriers, and other measures intended to deter erosion and transport of sediment 
associated with construction activities before upslope land disturbance takes place.  

 
2. Seed and mulch within 15 days of installation of earthen structures, such as dams, berms, and 

diversions. 
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B. Silt Fences 
 

1. Install silt fence to reduce the quantity of sediment and reduce sheet flows and low-to-moderate 
level channel velocities to downstream areas. 

 
2. Silt fences shall be anchored in a trench not less that 6-in. in depth. Refer to attachment “A”. 

 
C. Straw Bale Barriers 

 
1. Obtain an excavation permit and confirm that no underground utilities will be encountered before 

driving stakes. Install straw or hay bale barriers in accordance with Attachment A and B of this 
specification. These entrenched and anchored bales are placed in a row to reduce the quantity of 
sediment and flow velocities to downstream areas. 

 
2. String-tie bales.  Install bales so that bindings are oriented around the sides rather than along tops 

and bottoms of bales in order to prevent deterioration of bindings.  Excavate a trench the width of 
bale and a length of proposed barrier to a minimum depth of 4 in.  Place bales in the trench and fill 
the gaps with loose straw to prevent water from escaping between the bales.  Anchor bales with at 
least two wooden stakes driven through bales to a depth of 1.5 to 2 ft in ground.  Drive first stake 
in each bale toward previously laid bale to force the bales together.  After bales are staked and 
chinked, backfill excavated soil against barrier.  Backfill soil shall conform to ground level on 
downhill side and shall be built up to 4 in. against uphill side of the barrier.  

 
a. Channel Flow: Place bales at locations indicated, in a single row, lengthwise, oriented 

parallel to contour, with ends of adjacent bales tightly abutting one another.  Extend barrier 
to such a length that bottoms of end bales are higher in elevation than top of lowest middle 
bale to assure that sediment-laden runoff will flow either through or over barrier, but not 
around it.  

  
b. Sheet Flow: Place bales at locations indicated, in a single row, lengthwise on the contour, 

with ends of adjacent bales tightly abutting one another. 
 
3.03  MAINTENANCE 
 

A. Silt Fences 
 

1. All erosion and sediment control measures will be checked and repaired as necessary weekly 
during dry periods and within 24 h after 0.5 in. or more of rainfall.  During prolonged rainfall, 
checks and repairs will be made within a 24-h period on all control devices.  Should fabric 
decompose or become ineffective and still be necessary, replace fabric promptly.  As a minimum, 
remove sediment when deposits reach approximately one-third the height of barrier.   

 
B. Straw Bale Barriers 

 
1. All erosion and sediment control measures will be checked and repaired as necessary weekly 

during dry periods and within 24 h after 0.5 in. or more of rainfall.  During prolonged rainfall, 
checks and repairs will be made within a 24-h period on all control devices.  Repair damaged 
bales, end runs, and undercutting beneath bales.  Accomplish necessary repairs to barriers or 
replacement of bales promptly.  Remove sediment when level of deposition reaches approximately 
one-third the height of lowest point of barrier. 

 END OF SECTION
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ATTACHMENT B 
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 SECTION 02505 
 
 DENSE GRADE AGGREGATE BASE (DGA) 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
  A. This work includes the compaction and installation requirements of dense grade aggregate base 

(DGA).  
 
1.02 DEFINITIONS 
 
   1. Dense Grade Aggregate Base (DGA):  Aggregate base course shall consist of crushed stone and 

water and is compacted in layers on a previously prepared subgrade to a finished thickness and in 
areas specified on the drawings. 

 
   2. Crushed Stone:  An aggregate mixture conforming to Kentucky Department of Highways (KDH), 

Standard Specifications for Road and Bridges, Division 300. 
 
1.03 RELATED WORK 
 
   1. Section 02200, Earthwork. 
 
1.04 REFERENCES 
 
  A. KDH "Standard Specifications for Road and Bridge Construction," Division 300 and Section 805. 
 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
  A. In accordance with the KDH "Standard Specifications for Road and Bridge Construction," Section 

805, Material Certifications. 
 
 
PART 3 - EXECUTION 
 
3.01 INSPECTION  
 
  A. Verify the grades and elevations are correct.   
 
  B. Verify the subgrade is not soft, spongy, or composed of otherwise unstable materials.  If unstable 

materials are encountered, stop work and notify the Project Manager or designee. 
 
3.02 INSTALLATION 
 
  A. The method of construction and workmanship shall be in accordance with the KDH "Standard 

Specifications for Road and Bridge Construction," Division 300. 
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B. Prepare the subgrade according to Section 02200, Earthwork. 
 
C. Place and compact aggregate in 4" loose lifts maximum.  The compaction effort shall be a minimum 

four passes with mechanical compaction equipment accepted by the Project Manager or designee.  
Additional compaction effort may be required at the discretion of the Project Manager or designee. 

 
3.03 FIELD QUALITY CONTROL 
 
  A. Compact each layer to an average dry density of not less than 100% of the theoretical density based 

upon 83% of the solid volume. No individual test shall be less than 97% of the theoretical density. 
The density determination will be based on the bulk specific gravity in accordance with KDH 
Specifications approved by the Contractor. Maximum density determination and in-place density 
tests shall be performed by the Subcontractor. Perform one test for each layer placed.  

 
  B. The surface of the (DGA) layer shall be ½ inch of the required elevation. 
 
 END OF SECTION 
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 SECTION 02510 
 
 ASPHALT PAVING 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
  A. Construction of hot mixed, hot-laid asphalt pavement on prepared base or existing pavement course. 
 
1.02 REFERENCES 
 
  A. Kentucky 2000 Transportation Cabinet/Department of Highways (KDH), Standard Specifications 

for Road and Bridge Construction. 
 
1.03 SUBMITTALS 
 
  A. None Required. 
 
1.04 DELIVERY, STORAGE, AND HANDLING 
 

A. Trucks shall have tight, clean, smooth metal beds, which have been coated to prevent the mixture 
from adhering to the beds. Cover trucks to protect mixture from weather. 

 
B. Deliver mixture to site at the specified temperature. 

 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 

A. Bituminous Concrete Base, Surface, and Binder: KDH Section 403 – Production and Placement of 
Asphalt Mixtures. 

 
B. Prime and Tack Coat: KDH Section 406 – Asphalt Curing Seal and Asphalt Prime and Tack Coats. 

 
C. Traffic Marking Paint: KDH Section 713 – Permanent Pavement Striping. 

 
2.02 EQUIPMENT 
 

A. Mixing Plant: KDH Section 401 – Asphalt Plant Requirements. 
 
B. Pavers and Rollers: KDH Section 403 – Production and Placement of Asphalt Mixtures. 
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PART 3 - EXECUTION 
 
3.01 PREPARATION  
 
  A. Verify that the subgrade is in accordance with Section 02505, Dense Graded Aggregate Base 

(DGA).   
  B. Erect adequate barricades, signs, flagmen, warning lights, and other devices to protect others from 

ongoing work, paving equipment, and stored materials. 
 
3.02 INSTALLATION/APPLICATION/ERECTION 
 

A. Prime Coat 
 

1. Apply prime coat to Dense Grade Aggregate Base at a rate of 0.50 gal/yd2. 
 
2. Apply by means of a pressure distributor at a uniform, continuous spread to the whole width 

of the area to be primed. 
 

3. Application temperature shall be between 60–120 °F for Primer L. 
 

4. Correct any areas containing an excess or deficiency of material. 
 
B. Tack Coat 
 

1. Use tack coat on existing bituminous or where traffic or other conditions have injured 
bonded qualities of base course. 

 
2. Apply means of pressure distributor at a rate not to exceed 0.05 gal/ yd2. 

 
3. Application temperature shall be within the ranges set below: 

 
Asphalt Temperature range (°F) 
SS-1, SS-1h, CSS-1, CSS-1h 70 – 160 °F 
RS-1, RS-2 70 – 140 °F 
CRS-1 120 – 185 °F 

 
4. Allow tacked surfaces to dry until it is in a proper condition to receive the next course. 

 
5. Apply tack coat only so far in advance of the paving operations as is necessary to obtain the 

proper condition of tackiness. 
 

6. Protect tack coat from damage until the next course is placed. 
 
C. Bituminous Plant Mix Base (Hot Mix) 
 

1. Install Bituminous Hot-Mix Base 3 inches thick after compaction on prepared base. 
 
2. Subbase and surface shall be free of excess moisture and cleaned of loose particles. 

 
3. Air temperature or surface temperature, whichever is less, shall be equal to or greater than 35 
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°F for compacted asphaltic concrete base and binder. 
 
4. Compact base to an average of 90% of the maximum theoretical density. 

 
 
3.03 PROTECTION 
 
  A. Protect existing surfaces of roads and seeded areas adjacent to the job site and repair damaged 

areas.  
 
 END OF SECTION 
 

G-27



 

 

THIS PAGE INTENTIONALLY LEFT BLANK



 

02936-1 

 SECTION 02936 
 
 SEEDING 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Seeding, mulching, fertilizing, and liming. 
 
1.02 SUBMITTALS    
 

A. None required. 
 
1.03 QUALITY ASSURANCE 
 

A. Provide seed mixture in containers showing percentage of seed mix, year of production, net 
weight, date of packaging, and location of packaging. 

 
1.04 REFERENCES 
 

A. Kentucky Transportation Cabinet/Department of Highways (KDH), Standard Specifications 
for Road and Bridge Construction, 2000 edition (or latest version). 

 
1. Permanent Seeding and Protection: KDH Specification Section 212.03.03. 

 
2. Seed: KDH Specification Section 827.04. 

 
3. Fertilizer: KDH Specification Section 827.03. 

 
1.05 DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver grass seed mixture in sealed containers.  Seed in damaged packaging is not acceptable. 
 

B. Deliver fertilizer in waterproof bags showing weight, chemical analysis, and name of 
manufacturer. 

 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 

A. Seed Mixture in accordance with requirements of KDH Specification Section 212.03.03. 
 

1. All seed shall meet the applicable minimum purity and actual germination specified in 
KDH Specification Section 827.04. 

 
2. No seed shall contain more than 1.0- percent weed seed by weight.  No seed shall contain 

more than 18 noxious weed seeds or bulblets per ounce.  
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3. Seed mixtures shall be special mixture as follows: 
 

a. Mixture No. 1:  65% Kentucky 31 Fescue 
    10% Creeping Red Fescue 
    10% Red Top 
    5% White Dutch Clover 
    10% Ryegrass, perennial 

 
b. Mixture No. 2.  50% Kentucky Bluegrass 

       25% Creeping Red Fescue 
       10% Red Top 

    5% White Dutch Clover 
    10% Ryegrass, perennial 
 
c. Mixture No. 3.  45% Korean Lespedeza 

       41% Ryegrass, Annual 
       14% Switch Grass 

 
d. Mixture No. 4.  42% Korean Lespedeza 

       38.5% Ryegrass, annual 
       6.5% Big Bluestem 
       6.5% Little Bluestem 
       6.5% Indian Grass  
 

B. Topsoil 
 

1. Topsoil:  In accordance with Sect. 02200, Earthwork. 
 

C. Accessories 
 

1. Mulch: Shall conform to KDH Specification Section 827.05. 
 
2. Fertilizer:   

 
a. Inside security fence: Standard commercial fertilizer conforming to requirements of 

KDH Specification, Subsection 827.03 with guarantee of analysis conforming to a 
10-10-10 formula.   Fertilizer shall be uniform in composition, free flowing, and 
suitable for application with approved equipment. 

 
b. Outside security fence: Perform soil test to determine the fertilizer proportions and 

rates of application. 
 
3. Agricultural Limestone:  Agricultural Limestone shall contain not less than 85% of 

calcium carbonate and magnesium carbonate combined and be crushed so that at least 
85% will pass No. 10 mesh sieve and 50% through a 40 mesh sieve. 

 
4. Water:  Clean, fresh, and free of substances or matter that could inhibit vigorous growth 

of grass. 
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PART 3 - EXECUTION 
 
3.01 PREPARATION    
 

A. Verify that prepared soil base is ready to receive work of this section and that final dressing is 
within reasonably close conformity to lines, grades, and cross-sections. 

 
3.02 INSTALLATION/APPLICATION/ERECTION 
 

A. Fertilizing and Liming    
 

1. (Inside Security Fence) Apply commercial Grade 10-10-10 fertilizer at a rate of not less 
than 20 lb/1000 ft2 and agricultural limestone at a rate of not less than 75 lb/1000 ft2. 

 
2. (Outside Security Fence) Apply fertilizer of the type and grade determined by soil 

testing. 
 

3. Apply after smooth raking of topsoil. 
 

4. Do not apply fertilizer at same time or with same machine used to apply seed. 
 

5. Uniformly incorporate into soil for a depth of approximately 1/2 in.  
 

6. Lightly water to aid the dissipation of fertilizer. 
 

B. Seeding and Mulching    
 

1. (Inside Security Fence) Apply Mixture 1 or 2 seed at a rate of 3 lb pls/1000 ft2 evenly in 
two, intersecting directions.  Rake in lightly. Do not seed area in excess of that which can 
be mulched on same day.   

 
2. (Outside the Security Fence) Apply Mixture 3 within ditch banks at a rate of 29 lbs 

pls/acre. Apply Mixture 4 to all other disturbed areas outside the security fence at a rate 
of 31 lbs pls/acre.   

 
3. Do not sow immediately following rain, when ground is too dry, or during windy 

periods. 
 

4. Roll seeded area with an approved roller. 
 

5. Immediately following seeding and rolling, apply erosion control matting or mulch at a 
rate of 100 lb/1000 ft2 as directed by the design drawings.  Maintain clear of shrubs and 
trees.    

 
6. Apply water with a fine spray immediately after each area has been mulched. Saturate to 

2 in. of soil.    
 

7. Mulch is not required on areas to receive erosion control matting.     
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C. Seed Protection 

 
1. Cover seeded slopes where grade is 3:1 or greater or other areas at locations shown on 

plans with excelsior matting.   
 

2. Place and secure excelsior matting on previously shaped and seeded channels, slopes, or 
other areas and locations shown on plans or as required by the Project Manager or 
designee.   

 
D. Maintenance    

 
1. Maintain newly graded and topsoiled and seeded areas until final acceptance.  Restore 

areas showing settlement of wash to specified grades.  Newly seeded areas shall be 
watered as necessary or reseeded at the Subcontractor's expense until an acceptable stand 
of grass has been achieved.  An acceptable stand of grass is defined as follows:   

 
a. No bare spots larger than 3 ft2.  
 
b. No more than 10% of total area with bare spots larger than 1 ft2. 
 
c. No more than 15% of total area with bare spots larger than 6 in.2. 

  
 

END OF SECTION 

G-32



 

 03000-1 

 SECTION 03000 
 
 CONCRETE 
 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES 
 
 A. Requirements for placing reinforced concrete with minimal inspection.  
 
1.02 REFERENCES 
 

A. AASHTO M 154 (latest version), Standard Specification for Air-Entraining Admixtures for 
Concrete.  

  
B. AASHTO M 240 (latest version), Blended Hydraulic Cements. 

 
C. AASHTO M 302 (latest version), Ground Granulated Blast Furnace Slag for Use in Concrete and 

Mortars.  
 

D. ACI 226.1R (latest version), Ground Granulated Blast Furnace Slag as a Cementitious Constituent 
in Concrete.   

 
E. ACI 226.3R (latest version), Use of Fly Ash in Concrete. 

 
F. ACI 302.1R (latest version), Guide for Concrete Floor and Slab Construction.   
 
G. ACI 304R (latest version), Guide for Measuring, Mixing, Transporting, and Placing Concrete.   
 
H. ACI 305R (latest version), Standard Specification for Hot Weather Concreting.   
 
I. ACI 306.1-90, Standard Specification for Cold Weather Concreting.  
 
J. ACI 318-95/318R (latest version), Building Code Requirements for Structural Concrete.   
 
K. ASTM A185-A-90, Standard Specification for Steel Welded Wire Fabric Plain for Concrete 

Reinforcement.   
 

L. ASTM A615/A615MB-95, Standard Specification for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement.   

 
M. ASTM C31-91, Standard Practice for Making and Curing Concrete Test Specimens in the Field. 

 
N. ASTM C33-94, Standard Specification for Concrete Aggregates.   

 
O. ASTM C39A-93, Standard Test Method for Compressive Strength of Cylindrical Concrete 

Specimens.   
 

P.  ASTM C94-94, Standard Specification for Ready-Mixed Concrete.   
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Q. ASTM C143A-90, Standard Test Method for Slump of Hydraulic Cement Concrete.   
 

R. ASTM C150A-94, Standard Specification for Portland Cement.   
 
S. ASTM C172-90, Standard Practice for Sampling Freshly Mixed Concrete.   

 
T. ASTM C231B-91, Air Content of Freshly Mixed Concrete by the Pressure Method. 

 
U. ASTM C260-95, Standard Specification for Air-Entraining Admixtures for Concrete.   

 
V. ASTM C309-95, Standard Specification for Liquid Membrane-Forming Compounds for Curing 

Concrete.   
 

W. ASTM C311B-94, Standard Methods of Sampling and Testing Fly Ash and Natural Pozzolans for 
Use as a Mineral Admixture in Portland Cement Concrete. 

 
X. ASTM C494-92, Standard Specification for Chemical Admixture for Concrete. 

 
Y. ASTM C595-94, Standard Specification for Blended Hydraulic Cements. 

 
Z. ASTM C618-95, Standard Specification for Fly Ash and Raw or Calcined Natural Pozzolan for 

Use as a Minimeral Admixture in Portland Cement.   
 
AA. ASTM C989-93, Ground Granulated Blast Furnace Slag for Use in Concrete and Mortars. 
 
BB. Kentucky 2000 (or latest version) Transportation Cabinet/Department of Highways Standard 

Specifications for Road and Bridge Construction 
 
1.03 SUBMITTALS 
 

A. Submit for acceptance:  Concrete Mix Design (including air content, slump, cylinder break 
strengths) and reinforcement drawings. 

 
B. Submit method for concrete repair for acceptance as required by Part 3.04 of this section.  

 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 

A. Cement:  Portland cement per ASTM C150, normal - Type I or II. 
 

B. Aggregates:  ASTM C33.   
 

1. Fine Aggregates:  Natural sand or sand prepared from stone.   
 

2. Coarse Aggregates:  Crushed, No. 57 washed limestone only. 
 

C. Water:  Clean and free from injurious amounts of oil, alkali, organic matter, or other deleterious 
material.   
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D. Air Entrainment (for all exterior exposed concrete):  ASTM C260 or AASHTO M-154.  Add 
air-entraining admixture to the mixer in the amount necessary to produce the specified air content.   

 
E. Water-Reducing, Set-Controlling Admixtures:  ASTM C494, Type A, water-reducing or Type D, 

water-reducing and retarding.  Add water-reducing admixtures at the mixer separately from 
air-entraining admixtures in accordance with manufacturer's printed instructions. 

   
F. Concrete Admixtures:  Coal fly ash per ACI 226.3R, ASTM C311, and/or ASTM C618.  GGBF 

slag per AASHTO M 302, ACI 226.1R, and/or ASTM C989.  
 
G. Curing Compounds:  ASTM C309. 

 
2.02 REINFORCEMENT 
 

A. Reinforcing Steel:  ASTM A615, 60 kpsi yield strength; deformed billet steel bars; plain finish, 
free of detrimental rust and oils. 
 

B. Tie Wire:  Minimum 16 gage annealed type.   
 

2.03 CONCRETE MIX 
 

A. Use ready-mix concrete per ASTM C94 containing either coal fly ash per ACI 226.3R and/or 
GGBF slag per ACI 226.1R. 
 

B. Mix and proportion to produce minimum 4000-psi concrete at 28 d with slump of 4 in. + 1 in. and 
5 1/2% + 1 1/2% air entrainment, ASTM C94. 
 

C. Use accelerating admixture in cold weather only when acceptable to Project Manager or designee. 
Use of admixtures shall not relax cold-weather placement requirements.  Do not use calcium 
chloride.   
 

D. Use set-retarding admixtures during hot-weather concrete placement.   
 
 

2.04  SEALANT 
 

A. Polyurethane sealant: FS TT-S-00230C, Type II, Class A, one component sealant such as 
Sonneborne NP1 Gun-Grade sealant or accepted alternate. 
 

B. Primer: Recommended by sealant manufacturer to suit application. 
 

C. Cleaner: Non-corrosive type recommended by sealant manufacturer; compatible with adjacent 
materials. 
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PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 

A. Examine the subgrade to verify that rough grading elevations are correct.  
 

3.02 CONSTRUCTION 
 

A. Subgrade Preparation 
 
1. Fill soft spots and hollows with additional fill to meet required elevations.   
 
2. Level and compact subgrade to receive concrete to the minimum required dry density 

compaction of 95% modified procter.   
 
3. Maintain bench marks, monuments, and survey control references.   
 

B. Forming 
 
1. Forms:  Use clean forms, free from warp, tight enough to prevent leakage of mortar, and 

substantial enough to maintain their shape and position without springing or settlement when 
concrete is placed or vibrated.   

 
2. For exposed surfaces, provide a smooth, even finish without fins or board marks.   
 
3. All exposed edges shall have a 3/4-in. chamfer.   
 
4. Set forms for slabs on ground at exact finished grade.  Check for line and grade and correct 

immediately before concreting.  Provide uniform bearing. 
 

C. Reinforcement 
 

1. Reinforcement shall be accurately installed to the dimensions given on the drawings and 
shop drawings.  It shall be securely tied to prevent displacement during concrete placement.   

 
D. Placing Concrete 

 
1. In accordance with ACI 304.  Rotate drum a minimum of ten revolutions at mixing speed 

immediately prior to discharge.   
 

2. Place concrete on a moist compacted subgrade or base, free from loose material.  Do not 
place concrete on a muddy or frozen subgrade.   

 
3. Spade concrete thoroughly along forms and expansion joints, and work carefully into corners 

and around reinforcement.  Tamp and screed to a dense mass.  Consolidate concrete by 
means of a mechanical vibrator.   

 
4. Time in Transit:  Maximum 90 minutes between loading concrete on truck and placing in 

final position.   
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5. Retempering:  Do not add water after the concrete has been placed on truck unless authorized 
by Project Manager or designee.   

 
6. Weather Conditions:  Do not mix or place concrete when the air temperature is below 

freezing.  If temperature may be expected to fall below 40oF within 24 hours after concrete is 
placed, heat water and aggregate to bring the temperature of concrete mix to at least 55oF.  In 
addition to ACI 302, comply with the following:   

 
a. Cold Weather:  ACI 306.   

 
b. Hot Weather:  ACI 305.   

 
7. Protection:  Do not remove forms for 24 hours after placing concrete.  Protect concrete from 

traffic for a period of 7 days after placing.   
 

E. Finishing Concrete 
 

1. General:  Strike-off, consolidate, and finish concrete with mechanical equipment.  No 
finishing operations shall be performed in the presence of bleed water. 

 
2. Hand Finishing:  Permitted in narrow widths, areas of irregular dimensions and in event of 

breakdown of the mechanical equipment to finish the concrete already deposited on grade.  
  
3. Final Surface Finish:  Broomed or burlap drag finish providing a uniform, skid-resistant 

texture for exterior slabs.   
 

F. Curing Concrete 
 

1. Option 1:  After finishing operations have been completed, coat and seal surface of slab with 
a uniform layer of membrane curing compound as recommended by the manufacturer. 

 
a. Respray curing compound on areas where the curing membrane is damaged within 
3 days.  

 
b. The curing compound shall not react with the concrete or alter its natural color.  Keep 

workmen, equipment, and materials off the membrane for 3 days after applying. 
 

2. Option 2:  Continuous curing under wet burlap.  Apply wet burlap after finishing operations 
are complete and as soon as marring of concrete surface will not occur.  Maintain moisture 
continuously for a period of 7 days when ambient temperatures are above 40oF.  Use burlap 
free of substances that may harm concrete or cause discoloration. 

 
3. Cold Weather Protection:  Whenever the air temperature may be expected to reach the 

freezing point, spread straw or other blanketing material to sufficient depth to keep concrete 
from freezing or provide enclosure and heating device capable of maintaining concrete 
temperature to at least 50oF.  Maintain such protection for at least 5 days.   

 
4. Remove and replace any concrete injured by frost action.   

 
5. Saw cut control joints within 24 hours of placement. 
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G. Concrete Headwalls 

 
1. Construct all precast head walls in accordance with Section 710 of the KDH Standard 

Specifications and Standard Drawings. 
 

2. Construct all cast-in-place head wall in accordance with Section 609 of the KDH Standard 
Specifications and Standard Drawings. 

 
3.03 INSPECTION 
 

A. If the concrete being placed is suspect, the Project Manager or designee may employ an 
independent testing laboratory to test the concrete during placement.  

 
3.04 CONCRETE REPAIRS 
 

A. Bring concrete areas determined inadequate, honeycombed, defective, porous, contaminated, or 
deteriorated to the attention of the Project Manager or designee.   

 
B. Match color and texture of repairs on exposed surfaces.   

 
3.05 PROTECTION 
 

A. Protect the finished concrete during the remainder of the job. Do not use the structure for 
miscellaneous workstations or loading areas without approval from the Project Manager or 
designee.  

 
 
 END OF SECTION 
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 SECTION 13121 
 
 METAL BUILDING SYSTEM 
 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES:   
 
Requirements necessary for the design, fabrication, and furnishing of metal building structures.  Includes 
framing, flashing, insulation, roofing, siding, painting, anchor bolt design, and drawings as required for a 
complete building.   
 
1.02 REFERENCES 
 
The latest revision of the following references shall be used: 
 
A. AISC Code of Standard Practice for Steel Buildings and Bridges. 

 
B. AISC Allowable Stress Design Specification for Structural Joints Using ASTM A325 or ASTM 

A490 Bolts. 
 

C. AISC Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design with 
Commentary. 

 
D. AISI Publication SG-673, Part I:  Specification for the Design of Cold-Formed Steel Structural 

Members, August 19, 1986, and Addendum:  Cold-Formed Steel Design Manual, December 11, 
1989. 

 
E. Aluminum Association Publication 30-86, Specification for Aluminum Structures.   

 
F. ASCE 7:  Minimum Design Loads for Buildings and Other Structures. 

 
G. ASTM A36/A36M, Standard Specification for Carbon Structural Steel. 

 
H. ASTM A307, Standard Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength. 

 
I. ASTM A325, Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum 

Tensile Strength.   
 

J. ASTM A446, Standard Specification for Steel Sheet, Zinc Coated (Galvanized) by the Hot-Dip 
Process, Structural (Physical) Quality. 

 
K. ASTM A563, Standard Specification for Carbon and Alloy Steel Nuts. 

 
L. ASTM A572, Standard Specification for High Strength, Low Alloy Columbium - Vanadium 

Structural Steel. 
 

M. ASTM A607, Standard Specification for Steel, Sheet and Strip, High Strength, Low Alloy, 
Columbium or Vanadium, or Both, Hot Rolled and Cold Rolled. 
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N. ASTM A611, Standard Specification for Steel Sheet, Carbon, Cold-Rolled, Structural Quality. 
 

O. ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc Coated (Galvanized) or Zinc - 
Iron Alloy - Coated (Galvannealed) by the Hot-Dip Process. 

 
P. ASTM A792/A792M, Standard Specification for Steel Sheet, 55% Aluminum - Zinc Alloy - Coated 

by the Hop-Dip Process. 
 

Q. ASTM C236, Standard Test Method for Steady-State Thermal Performance of Building Assemblies 
by Means of a Guarded Hot Box.   

 
R. ASTM F436, Standard Specification for Hardened Steel Washers. 

 
S. AWS Publications:   

 
1. AWS D1.1, Structural Welding Code-Steel. 

 
2. AWS D1.3, Structural Welding Code-Sheet Steel. 

 
T. FS HH-I-558C, Insulation, Blocks, Boards, Blankets, Felts, Sleeving (Pipe and Tube Covering), and 

Pipe Fitting Covering Thermal (Mineral Fiber Industrial Type), January 7, 1992. 
 

U. FS TT-S-00230C, Sealant, February 2, 1970, and Amendment 2, October 9, 1970. 
 

V. International Conference of Building Officials, UBC. 
 

W. MBMA Publication:  Low Rise Building Systems Manual. 
 

X. 40 CFR 247:  Comprehensive Procurement Guideline For Products Containing Recovered Materials. 
 

Y. SMACNA:  Architectural Sheet Metal Manual. 
 
Z. UL Building Materials Directory. 

 
AA. 2002 Kentucky Building Code. 
 
1.03 SUBMITTALS 
 
A. Submit detailed shop drawings for approval showing the arrangement of all parts and details for shop 

fabrication.  Prepare shop drawings under direct supervision of a professional engineer licensed in the 
state of Kentucky with all drawings, bearing engineer's seal and signature.  Show the following as a 
minimum. 

 
1. Framing layout, diagonal bracing, door subframes, member sizes, connections and fastener or 

bolt sizes, type, material composition, and spacing.  
 

2. Erection drawings for the structure framing.   
 

3. Drawings for anchor bolt details, locations, and column base reactions.   
 

G-40



 
 13121-3 

4. Location and length of siding, roofing, and liner panels including splice details for roofing. 
 

5. Shop drawings of panel erection, fasteners, trim, and flashings.   
 

6. Wall air intake/exhaust framings and flashing.   
 

7. Fascia details.   
 

8. Canopy framing and details.   
 

9. Details of roof curbs, roof jacks, and items penetrating roof. 
 

10. Materials, finishes, and construction/installation details. 
 

11. Other pertinent information required for fabrication, assembly, and erection of watertight metal 
building system. 

 
B. Submit design calculations for approval showing assumptions, loads and pressures, load 

combinations and applications, stress analysis and values, identification of allowable stresses and 
basis of determination, frame and component deflections, and column base reactions.  Prepare by, or 
under direct supervision of, a professional engineer registered in the state of Kentucky with 
calculations bearing engineer's seal and signature. 

 
C. Submit for approval standard specifications and installation instructions clearly marked to identify 

only applicable sections that pertain to these buildings.   
 
D. Submit product data for approval showing color of metal siding panels proposed for use.   

 
E. Submit letter of certification for approval, attesting to the following: 
 

1. The building is the design of a manufacturer engaged in the fabrication of Metal Building 
Systems conforming to the recommendations of the Metal Building Manufacturers Association 
(MBMA) Manual, 

 
2. The manufacturer has at least 15-years' experience in manufacture of Metal Building Systems,  

 
3. The manufacturer is a member of Metal Building Manufacturing Association (MBMA), and 

 
4. The manufacturer is an AISC Quality Certified Fabricator of Metal Building Systems. 

 
F. Submit complete roof panel product data for information covering the materials, load/span/deflection 

charts, paint and/or coating types with weathering test results, recommended seam sealing techniques 
and required equipment, recommended structural fasteners, and installation instructions.   

 
G. Submit proposed repair methods for approval if required.   

 
H. Submit Certified Material Test Reports (CMTRs) of each size of high strength bolt that will be 

furnished for the erection of the metal building.  
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I. Submit wall and roof insulation product data for information covering material specifications, 
conformance to standards, certification of recovered material content, and installation instructions. 

   
1.04 DESIGN REQUIREMENTS 
 
A. All required loads (wind, seismic, snow, live, dead, etc.) shall be determined in accordance with the 

requirements of the 2002 Kentucky Building Code and applicable supplements. 
 

B. Load Combinations:  In accordance with the requirements of the 2002 Kentucky Building Code.  
 

C. Provide anchor bolt design and layout for the building foundation.  Size anchor bolts to resist shear, 
bearing, and uplift based on ASTM A307 material.   

 
D. Size bracing connections to transfer 1.25 times the member force without using the one-third stress 

increase.   
 

E. Provide sufficient bracing to transfer wind and seismic forces to the footings.  Bracing shall utilize 
steel rods placed diagonally in the roof and walls.  Cable bracing shall be prohibited.  

 
F. Design and construct the building column bases for shear transfer only. 

 
G. Design roofing and wall systems for a deflection not exceeding 1/180 of the span between supports. 

Roofing Systems:  (UL) Class 90 requirements for uplift. 
 
1.05 QUALITY ASSURANCE 
 
A. Building Design:  By a manufacturer engaged in the fabrication of Metal Building Systems 

conforming to the recommendations of the MBMA Manual, not less than 15 years' experience in 
manufacture of Metal Building Systems, and a member of MBMA. 

 
B. Fabricators:  Certified in Metal Building Systems through the AISC Quality Certification Program.   
 
C. Builders and Erectors:  Not less than 5-years' experience in erecting buildings similar to those 

required for this project and members of the Systems Builders Association (SBA). 
 
1.06 DELIVERY, STORAGE, AND HANDLING 
 
A. Deliver material to the site in an undamaged condition.  Return material bent or damaged during 

delivery to the manufacturer for repair or replacement.   
 

B. Deliver roof panels in protective containers with panel separating material to protect the finish.  
 

C. Store materials at the job site on blockage aboveground.   
 

D. Do not deliver insulation and metal siding and roofing panels to the work site until immediately prior 
to installation.   

 
E. Deliver and store insulation in water-resistant plastic containers.  Do not wet insulation. 
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F. Handle insulation in a manner to prevent damaging the vapor barrier or the insulation.  Do not install 
damaged insulation.   

 
G. Protect stored metal siding and roofing panels from precipitation and dust.  Store panels on blocking 

aboveground, uniformly supported to prevent permanent deformation, and on edge in their shipping 
containers.  Handle panels during installation using softeners and protect panels to prevent 
deformation or damage to interlocking edges or finish. 

 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
A. Structural Steel Rolled Shapes, Plates, and Bars:  ASTM A36.   

 
B. Machine Bolts:  ASTM A307.   

 
C. High Strength Bolts, Nuts, and Washers:  ASTM A325.   

 
D. Structural Steel Built-Up Members:  ASTM A572, minimum yield strength 50 ksi.   

 
E. Cold-Formed Structural Steel:  ASTM A607, Grade 55.   

 
2.02 COMPONENTS 
 
A. Wall, Canopy, and Facia Panels: ASTM A446, Grade A (33,000 psi yield) galvanized steel, 

continuous roll-formed sections.   
 

1. Panels:  Architectural-faced panels of not less than 24 gage, galvanized to ASTM A653, G-90, 
1.25-oz./ft2 zinc-coated (galvanized) steel. 

 
2. Panel Finish:  1 mil min dry thickness, factory applied, baked fluoropolymer resin enamel 

finish on the exposed side.   
 

3. Panel Description:  Supplied in maximum lengths to minimize end laps, complete with all 
required trim, flashings, panel closures, and other components required for an airtight and 
moisture-tight wall system.   

 
4. Form Exterior Wall Panels:  36-in.-wide with minimum 1 3/8-in.-high ribs at 12 in. on center 

with two intermediate, longitudinal stiffening grooves, and overlapping caulked side flanges 
designed for exposed fastening.   

 
5. Form Interior Wall (Liner) Panels:  12-in.-wide X 1 3/8-in.-deep (min) flat panels; two 

intermediate, longitudinal stiffening grooves; and interlocking side flanges designed for 
concealed fastening.   

 
6. Interior Liner Panels:  Minimum 26-gage wall panels, full wall height around building 

perimeter. 
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B. Roof Panels:  ASTM A792 (50,000 psi yield) galvanized-aluminized steel, continuous roll-formed 
sections.   

 
1. Roofing:  Architectural-faced panels of not less than 24 gage, coated with 0.5-oz./ft2 

aluminum-zinc alloy-coating, designation AZ 55.  Approximately 24-in.-wide flat, with or 
without intermediate longitudinal stiffening grooves.  Use interlocking standing seam side 
joints and a minimum finished height of 2 1/2 in.   

 
2. Provide in maximum possible length to minimize number of end joints.  Complete with start 

and finish panels, ridge covers, and gable and eave trim. 
   

3. Mount the panels with clips bolted to the structural steel for a concealed floating anchorage, 
permitting expansion along the full length of the panel.   

 
4. Furnish roof panels with mounting anchors, matching closure flashings, fillers, and sealants 

required for an airtight and moisture-tight roof system. 
 

5. The Roof Panel Side Joint:  Provide a factory-installed sealant gasket in interlocking standing 
seams to ensure an airtight and watertight joint.   

 
C. Panel Design:  Determine wall siding and roof section properties in accordance with the AISI 

Cold-Formed Steel Design Manual. 
 
D. Fasteners:  Secure the sheet-metal wall panels with stainless steel self-drilling, self-tapping screws 

with plated steel washers and neoprene weather seals.  Size and space fasteners to sustain the design 
loads and allow for expansion.  Fasteners and washers to be color coated to match the siding. 

 
E. Gutters, downspouts, and flashing:  Use same type materials, finish, and color as the siding and 

roofing (min 26 gage).  Install gutters and downspouts that comply with SMACNA Architectural 
Sheet Metal Manual for a storm of 5-min duration that is exceeded only once in 10 years.  Discharge 
downspouts on grade to concrete slash blocks. 

 
F. Factory Installed Side Joint Caulking Sealant:  Butyl rubber or polysulfide base compound 

complying with FS TT-S-00230.  Design and install to remain flexible while sealing the surface 
materials under exterior exposure.   

 
G. Wall and Roof Insulation:  FS HH-I-558B, Type I, Class A flame spread <25 and smoke <50, 

vinyl-foil-scrim faced fiberglass insulation R-11 for walls and R-19 for roof, maximum water vapor 
transmission value of 0.2 perm, white facing with a light reflectance of 72%, 60 in. wide, as needed. 

 
1. Fiberglass shall contain, as a minimum, the percentage of recovered materials required in 40 

CFR 247. 
 

2. Use seam tape, nonstaining adhesives, staples, wall and roof trim strips, and accessories 
recommended by the insulation manufacturer.  

 
3. Do not use foamed plastic materials.   
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4. Install insulation over the purlins and girts prior to installation of the panels with the vapor 
barrier turned toward the inside of building.  Use insulation with 2-in. folded, stapled, and 
tucked tabs.   

 
H. Provide a stock entrance canopy over all 3-ft X 7-ft exterior doors.  Canopy:  Overhang of 4 ft 4 in. 

and a width of 6 ft 0 in.  Construction and finish to match building.   
 
I. Mount roof exhaust fans on a factory-supplied roof curb.  Match the curb flashing tie-ins of the 

standing seam roof to the standing seam roof panel profile.  Show all curbs and flashing on shop 
drawings, provided or approved by the roof-panel manufacturer.  Mount wall louvers on a 
factory-supplied subframe.  

 
2.03 FABRICATION 
 
A. Building:  Includes all structural framing, metal roofing, siding, gutters and downspouts, flashing, 

trim and closures, filler strips, door subframes, overhead door framing, hardware, fasteners, shop and 
factory painting, insulation as needed, and all other component parts of the building.  Design and 
shop fabricate the building steel to permit bolted assembly of parts.   

 
B. Conform to the dimensions and roof slopes shown on the accompanying drawings.   

 
C. All structural steel shop connections shall be welded and inspected in accordance with AWS D1.1 

and D1.3 using certified welders and welding procedures.   
 

D. All Members:  Free of twists or bends and true to length so that assembly may be done without use of 
fillers.   

 
E. Building Columns:  1-in. grout allowance for leveling.   

 
F. Design and fabricate the building to allow for the wind and seismic bracing to be placed diagonally in 

the roof and walls.  Install flange brace angles as required.  Do not use steel cables for primary 
bracing. 

 
G. Make all primary (rigid frames of shop-welded steel plate columns and rafters) field-bolted 

connections with high-strength bolts.  Use machine bolts for secondary (purlins, girts, struts, flange 
braces, base angles, base trim angles, and door frames) bolted connections.  Tighten all bolted 
connections by the AISC turn-of-the-nut method.   

 
H. Fabricate framed openings for overhead doors using structural channel material of sufficient size to 

carry all design loads including dead weight and wind.   
 

2.04 FINISHES 
 
A. The color of all building components receiving factory-applied finish shall be selected from the 

building manufacturer's standard color chart.  Prime and paint steel surfaces not receiving 
factory-applied finish, such as structural framing, frames, etc. 
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2.05 SOURCE QUALITY CONTROL 
 
A. The Project Manager or designee may conduct inspections at the Subcontractor's facility where 

fabrication of the steel building frame and all associated components to be erected will be done.  The 
inspection will confirm that the parts being fabricated, tested, and inspected are in accordance with 
contractual requirements and this specification.  Inspection may include either witnessing the 
operation or reviewing the results/data, or both.  Inspections may be conducted at Contractor's 
discretion.  Specific activities under the surveillance program are as follows: 

 
1. Verify the material used for fabricating the steel framing, siding, and roofing panels of the 

metal building.   
 

2. Verify certification of the nuts and bolts.   
 

3. Verify dimensional inspection.   
 

4. Verify hole placement for bolt connections.   
 

5. Verify joint welding procedures meet AWS D1.1 and D1.3 requirements.   
 

6. Verify and observe welding procedure specification requirements.   
 

7. Verify AWS welder qualifications.   
 

8. Verify and observe the inspection of welding, weld sizing, and inspection for any unacceptable 
weld conditions before accepting fabricated section.   

 
9. Verify that the painting has been completed on all sections, prior to stacking of material.   

 
10. Review vendor manufacturing data of welding inspection completed by subcontractors to the 

Contractor.   
 

11. Verify all data has been reviewed prior to shipment.   
 
 
PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 
A. Prior to erection, examine foundations and anchors to ascertain that the work is done.   
 
B. During roof installation, examine the fastener and standing seam closures for completeness and 

defects occurring that would effect the weathertightness or wind-resistance capability of the 
completed enclosure. 

 
C. Prior to the start of the metal panel erection, examine the installed  insulation and structural steel for 

the accuracy of erection, the proper installation of the girts and/or purlins, and readiness for the 
structure to receive the metal panels.  Report any defects that would effect the installation and 
propose repair methods.   
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D. Examine the area which is to receive the roofing, noting the completeness of the structural steel and 
fasteners, and the condition of the roof insulation.  Correct defects in the structural steel and the 
insulation prior to starting the roofing installation.   

 
E. Examine concealed fasteners for the correct type, number, and proper engagement with the structural 

support and the siding.  
 

F. Prior to insulation installation, examine the structural steel to ascertain the work is properly and 
completely done in the area to be insulated.   

 
G. Examine the completed siding panel installation.  Clean and repair soiled or abraded areas.  Seal gaps 

or loose edges of trim and flashings by caulking and adding screws to bring the parts into alignment.  
Remove protective removable film, if provided on the panels.  

 
H. Prior to the final acceptance, examine the insulation installation, cleaning any soiled vapor barrier, 

and repairing any punctures or torn areas with matching vapor barrier materials.  Examine seams for 
gaps or incomplete closures and seal with matching tape or adhesive.    

 
I. Examine the finished roofing installation.  Repair any defects and refinish any abraded or scratched 

areas in the roof panel finish to match the finish.  Clean the panels of all dust, dirt, or debris.  Replace 
warped, bent, or unrepairable panels.   

 
3.02 PREPARATION 
 
A. Coordinate the insulation installation with the roof deck and wall panel installation to ensure the 

insulation is covered and protected from precipitation immediately after installation.   
 

B. Do not start installation until all materials required for the roof deck and wall panel installation are at 
the job site.   

 
C. Limit the amount of unbundled siding and roofing panels to the amount for immediate installation. 

   
3.03 ERECTION/INSTALLATION 
 
A. Erect a weathertight, steel building.  Follow manufacturer's instructions and comply with details and 

requirements shown on approved shop drawings.  
 

B. Erect structural frames true to line, level and plumb, rigid and secure.  Level base plates to true even 
plane with full bearing to supporting structure.  Install diagonal bracing, purlins, girts, struts, and 
other secondary framing.   

 
C. Provide shapes of proper design and size to reinforce openings and to carry loads and vibrations 

imposed, including equipment furnished under mechanical or electrical work.   
 

D. Do not install insulation during periods of inclement weather.   
 

E. Apply roof insulation in succeeding widths from eave to eave allowing an overhang of 6 to 8 in.  
Extend the vapor barrier beyond the insulation to form a continuous edge tab for folding, stapling, 
taping, and sealing with adhesive.   
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F. Field erect wall panels in accordance with approved shop drawings and the manufacturer's 
instructions.  Place and erect the panels plumb, true, and level.   

 
G. Install adequate temporary guys and bracing as construction proceeds to resist wind and seismic 

forces as specified in Articles 1.05A and 1.05B.  Guys and bracing shall be in accordance with the 
MBMA Manual. 

 
H. Inspect fasteners that will be concealed for the correct type, numbers, and proper engagement with 

structural support.   
 

I. Install flashings, closures, and trim as shown on the shop and design drawings.  Caulk and seal joints 
weathertight.  Closely follow siding installation with the flashings, trim, and closure installation to 
protect the insulation from precipitation.  

 
J. Fasteners for Exterior and Liner Wall Panels to the Structural Steel:   Minimum No. 10 screws at 

12 in. on center.  
 

K. Eave and Rake Flashings at Start and Finish Wall Panels and Ridge Panels:  No. 14 minimum screws 
with neoprene washers at 12 in. on centers. 

 
L. Corner Flashings:  Fasten with No. 14 minimum screws with neoprene washers at 8 in. on center 

max.   
 

M. Coordinate insulation installation with wall and roof panel installation.  
 

N. Apply wall insulation in succeeding widths and in full height lengths of the wall from top to bottom.  
Extend the vapor barrier beyond the insulation to form a continuous edge tab for folding, stapling, 
taping, and sealing with adhesive.   

 
O. Install insulation only when remaining construction operations will not damage the installed 

insulation.   
 

P. Place insulation widths smooth over purlins and girts to remove wrinkles and creases in the vapor 
barrier.  Make joints between widths stapled, taped, and/or applied with adhesive as specified by the 
approved insulation manufacturer's instructions.  Provide a continuous thermal and vapor barrier over 
the entire roof and wall area.  Install insulation on the cold or weather side of electrical outlets, ducts, 
pipes, or other utility items.   

 
Q. Perform roofing installation using a qualified, experienced erector approved by the roof panel 

manufacturer.  Use seam closure equipment approved by the roof panel manufacturer. 
 

R. Install concealed standoff clips using a minimum of two, No. 12 min, screws through the thermal 
break spacer block into the structural roof purlins.   

 
S. Install roofing panels over concealed standoff clips.   
 
T. Install roofing panels with accessories and sealants as recommended by the manufacturer to ensure a 

rigid-water and airtight enclosure.   
 

U. Install roofing panel flashings and trim.   
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3.04 PROTECTION 
 
A. At the completion of each work period, secure loose unfastened panels and flashings to prevent being 

wind borne from the stored location.   
 

B. Protect the installed insulation from construction damage and exposure to precipitation.   
 
 
 END OF SECTION 

G-49



 

 

THIS PAGE INTENTIONALLY LEFT BLANK



  

13405-1 

SECTION 13405 
 

PROCESS CONTROL AND INSTRUMENTATION 
 

PART 1   GENERAL 
 
1.1      REFERENCES 
 
The publications listed below form a part of this specification to the extent referenced.  The publications 
are referred to within the text by the basic designation only. 

 
A.       AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 
 
ANSI C12.1 (2001) Electric Meters Code for Electricity Metering 
 
ANSI INCITS 154 (1988; R 1999) Office Machines and Supplies - 

Alphanumeric Machines-Keyboard Arrangement 
 
ANSI X3.64 (1979; R 1990) Additional Controls For Use With the 

American National Standard Code for Information 
Interchange 

 
B.     AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 

ENGINEERS (ASHRAE) 
 
ASHRAE Fundamentals Handbook (2005) Fundamentals Handbook 
 
C.        AMERICAN WATER WORKS ASSOCIATION (AWWA) 
 
AWWA C606 (2004) Grooved and Shouldered Joints 
 
D.        ASME INTERNATIONAL (ASME) 
 
ASME B31.8 (2003) Gas Transmission and Distribution Piping Systems 

ASME BPVC SEC VIII D1 (2004) Boiler and Pressure Vessel Code; Section VIII, 
Pressure Vessels Division 1 - Basic Coverage 

ASME FED (1971; Sixth Edition) Fluid Meters Their Theory and 
Application 

 
E.        ASTM INTERNATIONAL (ASTM) 
 
ASTM A 536 (1984; R 2004) Ductile Iron Castings 

ASTM B 88 (2003) Seamless Copper Water Tube 

ASTM B 88M (2003) Seamless Copper Water Tube (Metric) 

ASTM D 1238 (2004b) Melt Flow Rates of Thermoplastics by Extrusion 
Plastometer 
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ASTM D 1693 (2005) Environmental Stress-Cracking of Ethylene Plastics 

ASTM D 2000 (2005) Rubber Products in Automotive Applications 

ASTM D 635 (2003) Rate of Burning and/or Extent and Time of Burning of 
Plastics in a Horizontal Position 

ASTM D 638 (2003) Tensile Properties of Plastics 

ASTM D 792 (2000) Density and Specific Gravity (Relative Density) of 
Plastics by Displacement 

 
F.        ELECTRONIC INDUSTRIES ALLIANCE (EIA) 
 
EIA ANSI/EIA/TIA-232-F (2002) Interface Between Data Terminal Equipment and Data 

Circuit-Terminating Equipment Employing Serial Binary 
Data Interchange 

 
G.        INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 
 
IEEE C37.90 (1994) Relays and Relay Systems Associated with Electric 

Power Apparatus 

IEEE C37.90.1 (2002) Surge Withstand Capability (SWC) Tests for Relays 
and Relay Systems Associated with Electric Power Apparatus 

IEEE C62.41 (1991; R 1995) Recommended Practice for Surge Voltages in 
Low-Voltage AC Power Circuits 

IEEE Std 100 (2000) The Authoritave Dictionary of IEEE Standards Terms 

IEEE Std 142 (1992) Recommended Practice for Grounding of Industrial 
and Commercial Power Systems - Green Book 

IEEE Std 802.3 (2002) Information Technology - Telecommunications and 
Information Exchange Between Systems LAN/MAN - 
Specific Requirements - Part 3: Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) Access Method 
and Physical Layer Specifications 

 
H.        INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC) 

 
IEC 61131-3 (2003) Programmable Controllers - Part 3:  Programming 

Languages 
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I.          INTERNATIONAL TELECOMMUNICATION UNION (ITU) 
 
ITU V.34 (1998) Data Communication Over the Telephone Network: A 

Modem Operating at Data Signaling Rates of up to 33,600 
bits for use on the General Switched Telephone Network and 
on Leased Point-to-Point Two-Wire Telephone Type Circuits 

 
ITU V.42 bis (1990) Data Communication over the Telephone Network:  

Data Compression Procedures for Data Circuit Terminating 
Equipment (DCE) Using Error Correction Procedures 

 
J.          ISA - THE INSTRUMENTATION, SYSTEMS AND AUTOMATION SOCIETY (ISA) 
 
ISA MC96.1 (1982) Temperature Measurement Thermocouples 

ISA S7.0.01 (1996) Quality Standard for Instrument Air 
 
K.         NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 
 
NEMA 250 (2003) Enclosures for Electrical Equipment (1000 Volts 

Maximum) 

NEMA ICS 1 (2000; R 2005) Industrial Control and Systems: General 
Requirements 

NEMA ICS 2 (1996; R 2004) Standard for Industrial Control and Systems:  
Controllers, Contractors, and Overload Relays Rated Not 
More than 2000 Volts AC or 750 Volts DC: Part 8 - 
Disconnect Devices for Use in Industrial Control Equipment 

NEMA ICS 3 (2005) Industrial Control and Systems:  Medium Voltage 
Controllers Rated 2001 to 7200 Volts AC 

NEMA ICS 4 (2000) Industrial Control and Systems: Terminal Blocks 
 
L.         NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 
NFPA 70 (2005) National Electrical Code 
 
M.        NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST) 
 
NIST SP 250 (1998) Calibration Services Users Guide 
 
N.         U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA) 
 
40 CFR 60 Standards of Performance for New Stationary Sources 

47 CFR 15 Radio Frequency Devices 

47 CFR 68 Connection of Terminal Equipment to the Telephone 
Network 
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O.       UNDERWRITERS LABORATORIES (UL) 
 
UL 1059 (2001; Rev thru Mar 2004) Terminal Blocks 

UL 508 (1999; Rev thru Dec 2003) Industrial Control Equipment 

UL 94 (1996; Rev thru Dec 2003) Tests for Flammability of Plastic 
Materials for Parts in Devices and Appliances 

 
1.2   CONTROL SYSTEM DESCRIPTION 
 
The process instrumentation and control system shall be used to monitor and control the operation of 
process equipment as specified and in accordance with the sequence of control and control schematics 
shown on the drawings.  The control system shall provide for operator interaction, overall control system 
supervision, and process equipment control and monitoring.  The Subcontractor shall provide hardware 
configured and sized to support expansion as specified and shown on the drawings. 

 
1.2.2   Control System Operation 

 
The control system provided under this specification shall operate using direct digital control (DDC) 
algorithms or ladder logic type and supervisory control to provide the required sequences of operation.  
Input data to the controller shall be obtained by using instruments and controls interfaced to mechanical, 
electrical, utility systems and other systems as shown and specified.  All required setpoints, settings, 
alarm limits, and sequences of operation shall be as identified in the piping and instrumentation drawings, 
electrical schematics, interlock tables and the process control description.  The number and location of 
control panels shown on drawings shall be provided as a minimum. 
 
1.2.3   Control System Points 
 
Inputs to and outputs from the control system shall be in accordance with the Input/Output (I/O) 
Summary Table shown on the drawings.  Each connected analog output (AO), analog input (AI), digital 
output (DO), digital input (DI), pulse accumulator (PA) input and other input or output device connected 
to the control system shall represent a "point" where referred to in this specification. 
 
1.2.4   Symbols, Definitions, and Abbreviations 
 
Symbols, definitions, and engineering unit abbreviations shall conform to IEEE Std 100, as applicable. 
 
1.3   ENVIRONMENTAL CONDITIONS 
 
Capacity and design of the air moving equipment and accessories shall be suitable for 24-hour full load 
service and shall meet the following criteria. 
 
A.     Location:  Paducah, Kentucky (Seismic design to KY Zone E) 
 
1.4   SUBMITTALS 
 
Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  The following shall be submitted:  
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• Shop Drawings 
• Installation 
• Wiring 
 
Detail drawings containing complete piping, wiring, schematic, flow diagrams and any other details 
required to demonstrate that the system has been coordinated and will properly function as a unit.  Piping 
and Instrumentation (P&ID) drawings will be prepared using industry recognized device symbols, clearly 
defined and describing piping designations to define the service and materials of individual pipe segments 
and instrument tags employing Instrument Society of America suggested identifiers.  Drawings shall 
include, as appropriate:  product specific catalog cuts; a drawing index; a list of symbols; a series of 
drawings for each control system using abbreviations, symbols, nomenclature and identifiers as shown; 
valve schedules; compressed instrument air station schematics, and ASME air storage tank certificates for 
each type and make of compressed instrument air station. 

 
Product Data 
 
Compressed Air Stations 

 
Instrumentation compressed-air station schematic diagram showing equipment utilized, including 
compressor with motor output and voltage; starter; isolators; manual bypasses; tubing sizes; drain piping 
and drain traps; reducing valves; air-dryer; and data on manufacturer's names and model numbers, 
mounting, access, and clearance requirements. Air-compressor and air-dryer data shall include 
calculations of the air consumption of current-to-pneumatic transducers (IPs), pneumatic control valves 
and of other control system devices to be connected to the compressed-air station; the number of starts per 
hour, the running time for the unit selected; and the compressed air-supply dewpoint temperature at 80 
psig. 
 
Instrumentation and Control System 

 
Manufacturer's descriptive and technical literature, performance charts and installation instructions.  
Product specific catalog cuts shall be in booklet form, indexed to the unique identifiers, and shall consist 
of data sheets that document compliance with the specification.  Where multiple components are shown 
on a catalog cut, the application specific component shall be marked. 

 
Sensors and Meters 

 
Manufacturer's descriptive and technical literature, catalog cuts, performance charts and installation 
instructions. 

 
Training Manual 
 
Instruction manual within 60 days of Notice to Proceed. 

 
Performance Verification Test (PVT) 

 
The performance verification test procedure; it shall refer to the actions and expected results to 
demonstrate that the control system performs in accordance with the sequence of control.  A list of the 
equipment to be used during the testing shall be included.  The list shall also include manufacturer's 
name, model number, equipment function, the date of the latest calibration and the results of the latest 
calibration. 
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Factory Test Procedure 
 

Documentation containing factory test methods and procedures. 
  
Test Reports 

 
• Factory Test Report 

• Testing, Adjusting and Commissioning 

• Performance Verification Test (PVT) 

• Endurance Test 

  
 Test results in report format. 

 
• Insertion Turbine Flowmeter 

 
• Calibration test data. 

 
• Certificates 

 
• Control and Sensor Wiring 

 
• Certified test results for surge protection. 

 
• Ground Rods 

 
• Certification stating that the test was performed in accordance with IEEE Std 142. 

 
• Operation and Maintenance Data 
 
• Instrumentation and Control System 

 
Operating instructions outlining the step-by-step procedures required for system startup, operation and 
shutdown.  The instructions shall include layout, wiring and control diagrams of the system as installed.  
The instructions shall include the manufacturer's name, model number, service manual, parts list and a 
brief description of all equipment and their basic operating features. 

 
Maintenance instructions listing routine maintenance procedures, possible breakdowns and repairs and 
trouble shooting guides. 
 
1.5   EQUIPMENT REQUIREMENTS 
 
1.5.1   Materials and Equipment 
 
Materials and equipment shall be standard unmodified products of a manufacturer regularly engaged in 
the manufacturing of such products.  Units of the same type of equipment shall be products of a single 
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manufacturer.  Items of the same type and purpose shall be identical and supplied by the same 
manufacturer, unless replaced by a new version approved by the Project Manager or designee. 
 
1.5.2   Nameplates 
 
Each major component of equipment shall have the manufacturer's name and address, and the model and 
serial number in a conspicuous place.  Laminated plastic nameplates shall be provided for equipment 
devices and panels furnished.  Each nameplate shall identify the device, such as pump "P-1" or valve 
"VLV-402".  Labels shall be coordinated with the schedules and the process and instrumentation 
drawings.  Laminated plastic shall be 1/8 inch thick, white with black center core.  Nameplates shall be a 
minimum of 1 by 3 inches with minimum 1/4 inch high engraved block lettering.  Nameplates for devices 
smaller than 1 by 3 inches shall be attached by a nonferrous metal chain.  All other nameplates shall be 
attached to the device. 
 
PART 2   PRODUCTS 
 
2.1   GENERAL REQUIREMENTS 
 
Equipment located outdoors, not provided with climate controlled enclosure, shall be capable of operating 
in the ambient temperature range indicated in paragraph ENVIRONMENTAL CONDITIONS, unless 
otherwise specified.  Electrical equipment will conform to Specification.  Equipment and wiring must be 
in accordance with NFPA 70, with proper consideration given to environmental conditions such as 
moisture, dirt, corrosive agents, and hazardous area classification.  
 
2.2   MONITORING AND CONTROL PARAMETERS 
 
The control system shall be complete including sensors, field preamplifiers, signal conditioners, offset 
and span adjustments, amplifiers, transducers, transmitters, control devices, engineering units conversions 
and algorithms for the applications; and shall maintain the specified end-to-end process control loop 
accuracy from sensor to display and final control element.  Control equipment shall be powered by a 120 
vAC, single phase, 60 Hz power source, with local transformers included as needed for signal 
transmission and subsystem operation.  Connecting conductors shall be suitable for installed service.  
Enclosures shall be rated for NEMA ICS 4.   
 
2.2.1   Transmitter 
 
Unless indicated otherwise, each sensor shall be provided with a transmitter, selected to match the sensor.  
Except where specifically indicated otherwise on the drawings, the transmitter shall be provided with a 
four digit or analog visual display of the measured parameter and shall provide a 4 to 20 mA DC output 
signal proportional to the level of the measured parameter.  Accuracy shall be plus or minus 5 percent of 
full scale reading with output error not exceeding plus or minus 0.5 percent of the calibrated 
measurement.  Transmitter shall be located where indicated, mounted integrally with the sensor, pipe 
mounted, wall mounted or installed in the control panel.  The distance between the sensor and transmitter 
shall not exceed the manufacturer's recommendation.  Field preamplifiers and signal conditioners shall be 
included when necessary to maintain the accuracy from sensor to the programmable logic controller or 
recorder. 
 
2.2.2   Off-Gas or Vapor Service 
 
Sensors and meters in vapor service shall be rated for continuous duty service and meet the following 
additional requirements: 
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Type – Photoacoustic field gas monitor (as specified below or equivalent): 
 
   a. Innova Photoacoustic Field Gas Monitor, Model 1412 including optical filters for 

trichloroethene, vinyl chloride, cis-1,2-dichloroethene, trans-1,2-dichloroethene, and 
1,1-dichlorethene . 

b. Calibration Kit, standard span gas calibration and special span gas calibration with cis-
1,2-dichloroethene, trans-1,2-dichloroethene, and 1,1-dichlorethene. 

 
Operation: 

 
   a. To measure a continuous sample of the off-gas for detection of VOCs (trichloroethene, 

vinyl chloride, cis-1,2-dichloroethene, trans-1,2-dichloroethene, 1,1-dichlorethene with 
local gas concentration read out and indication on the local control panel recorder. 

 
Process: 
 
   a.   Fluid – Off-Gas VOC 
 
Physical: 
 
   a. Housing, 6.9”H x 15.6”W x 11.8”D 

b. Power – 120 vAC 60 Hz 
 
Performance: 
 

a. Linear dynamic range of 5 orders of magnitude  
b. Accuracy – typically +/- detection limit 
c. Detection limit (minimum): 

• trichloroethene – 4 ppm 
• vinyl chloride – 2 ppm 
• cis-1,2-dichloroethene – 2 ppm 
• trans-1,2-dichloroethene – 2 ppm 
• 1,1-dichlorethene – 2 ppm 

d. Failsafe self diagnostic – coded to display 
e. Output – local display of gas mg/m3, g/m3, u/m3 ppm, vol%, or ppb   

 
2.2.3   Liquid Service 
 
Sensors and meters in liquid service shall be rated for continuous duty service at fluid approach velocities 
from 0.327 ft/s to 10 ft/s with correspondingly higher constriction velocities over a fluid temperature 
range from 320 F to 2500 F at pressures up to 150 psig. 
 
2.2.4   Flow Sensor 
 
Liquid flow indication shall be provided in gpm.  Vapor flow indication shall be provided in cubic feet 
per minute (cfm).  Pressure taps shall incorporate appropriate snubbers.  Unless indicated otherwise, the 
flow transmitter shall produce a signal that is proportional to the volumetric flow rate, compensated for 
fluid temperature, and shall have an accuracy of plus or minus 3 percent of full flow.  Flow transmitter 
shall be located within 15 feet of the flow element.  The flow transmitter shall include a digital readout of 
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the volumetric flow rate to 3 significant figures.  The controller shall be provided with a minimum of 
three alarm lights.  The first alarm light shall indicate when the lower (warning) detection level has been 
exceeded.  The second alarm light shall indicate when the upper (alarm) detection level has been 
exceeded.  The third alarm light shall indicate a controller malfunction, including loss of power or loss of 
sensor input.  The controller shall be provided with a minimum of three sets of dry contacts rated in 
accordance with NEMA ICS 1.  The first set of contacts shall close when the lower (warning) detection 
level has been exceeded.  The second set of contacts shall close when the upper (alarm) detection level 
has been exceeded.  The third set of contacts shall close when a controller malfunction has occurred, 
including loss of power or loss of sensor input.  The alarm levels shall be individually adjustable.  The 
controller shall be provided with an audible warning horn that sounds when the upper detection level has 
been exceeded, and a warning horn silence button.  The controller shall provide a 4-20 mA DC output 
signal to the programmable logic controller, proportional to the measured parameter.  The controller shall 
be provided with an internal battery to maintain operation for a minimum of 12 hours if power is lost.  
Flow rate shall be controlled to within plus or minus 5 percent of the design flow.    
 
2.2.4.1   Flow Nozzle 
 
Flow nozzle shall be made of austenitic stainless steel.  The inlet nozzle form shall be elliptical and the 
nozzle throat shall be the quadrant of an ellipse.  The thickness of the nozzle wall and flange shall be such 
that the accuracy will not be degraded by distortion of the nozzle throat from strains caused by the 
pipeline temperature and pressure, flange bolting, or other methods of installing the nozzle in the pipeline.  
The outside diameter of the nozzle flange or the design of the flange facing shall be such that the nozzle 
throat shall be centered accurately in the pipe. 
 
2.2.4.2   Flow Switch 
 
Flow switch shall have a repetitive accuracy of plus or minus 10 percent of actual flow setting.  Switch 
actuation shall be adjustable over the operating flow range.  Flow switch for use in contaminated 
groundwater, vapor and or hot gas system shall be rated for use and constructed of suitable materials for 
installation in the environment encountered.  The flow switch shall have non flexible paddle with Form C 
snap action contacts, rated in accordance with NEMA ICS 1. 
 
2.2.4.3   Magnetic Flowmeter 
 
Magnetic flowmeter shall be non-intrusive and shall measure fluid flow through the use of a self 
generated magnetic field.  The magnetic flow element shall be encapsulated in type 300 stainless steel.  
Flowmeter shall be capable of measuring clean or dirty flow up to a maximum flow velocity 10 fps.  The 
metering tube shall be constructed of material compatible with the fluid being measured.  The maximum 
pressure drop across the meter and appurtenances shall be 5 psi at the maximum flow rate. 
 
2.2.4.4   Natural Gas or Propane Flow Meter 
 
Flowmeter for natural gas or propane flows, corrected to standard conditions, of up to 2500 cfh shall be of 
the positive displacement diaphragm or bellows type and for flows above 2500 cfh, shall be of the axial 
flow turbine type.  Meters shall be designed specifically for natural gas or propane supply metering and 
rated for the pressure, temperature and flow rates of the installation.  Permanent meters shall be suitable 
for operation in conjunction with an energy monitoring and control system. Meter body shall be 
constructed of 316 stainless steel. Meter shall have a minimum turndown ratio of 10 to 1 with an accuracy 
of plus or minus 1percent of actual flow rate.  The meter index shall include a direct reading mechanical 
totalizing register and electrical impulse dry contact output for remote monitoring.  The electrical impulse 
dry contact output shall provide not less than 1 pulse per 2.8 cubic meters (100 cubic feet) of gas and shall 
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require no field adjustment or calibration. The highest electrical impulse rate available from the 
manufacturer, not exceeding 10 pulses per second, for the installed application shall be provided. 
 
2.2.4.5   Orifice Plate 
 
Orifice plate shall be made of 304 series stainless steel sheet.  The outlet side of the bore shall be beveled 
at a 45 degree angle.  The thickness of the cylindrical face of the orifice shall not exceed one-fiftieth of 
the pipe inside diameter or one-eighth of the orifice bore, whichever is smaller.  The orifice plate shall be 
flat within 20 mils.  The orifice surface roughness shall not exceed 0.02 mils.  Orifice plates shall be 
concentric plates with a square and sharp upstream edge of the orifice.  Orifice bore shall be designed to 
match the operating parameters stated in the drawings.  Plate shall be permanently identified with line 
size, flange rating, orifice bore diameter, plate thickness and material. 
 
2.2.4.6   Paddle Type Flowmeter 
 
Sensor accuracy shall be plus or minus 5 percent of rate of flow, minimum operating flow velocity shall 
be 1.0 fps.  Sensor repeatability and linearity shall be plus or minus 1 percent.  Sensor shall be non-
magnetic, with forward curved impeller blades designed for water containing debris.  Wetted materials 
shall be made from non-corrosive materials and shall not contaminate water.   The sensor shall be 
provided with isolation valves. 
 
2.2.4.7   Pitot Tube 
 
The velocity sensing element shall be of the pitot tube type.  Each transmitter shall have a low range 
differential pressure sensing element and a square root extractor.  Sensing element accuracy shall be plus 
or minus 1 percent of full scale.  Transmitter accuracy shall be plus or minus 0.25 percent of the 
calibrated measurement.  Overall accuracy shall be plus or minus 5 percent over a range of 500 to 2500 
fpm scaled to air volume.  The resistance to air flow shall not exceed 0.08 inch water at an air flow of 
2000 fpm. 
 
2.2.4.8   Annular Pitot Tube 
 
Sensor shall have an accuracy of plus or minus 2 percent of full flow and a repeatability of plus or minus 
0.5 percent of measured value.  Annular pitot tube shall be averaging type differential pressure sensors 
with four total head pressure ports and one static port made of austenitic stainless steel.  The total head 
pressure ports shall extend diametrically across the entire pipe. 
 
2.2.4.9   Positive Displacement Flowmeter 
 
Output accuracy shall be plus or minus 2 percent of the flow range.  The flow meter shall be a direct 
reading, gerotor, nutating disk or vane type displacement device rated for liquid service.  A counter shall 
be mounted on top of the meter, and shall consist of a non-resettable mechanical totalizer for local 
reading, and a pulse transmitter for remote reading.   The totalizer shall have a six digit register to indicate 
the volume passed through the meter in gallons.  A sweep-hand dial will indicate down to 1 gallon.  The 
pulse transmitter shall have a hermetically sealed reed switch which is activated by magnets fixed on 
gears of the counter.  The meter shall have a bronze body with threaded or flanged connections as 
required for the application.  The maximum pressure drop at full flow shall be 5 psig. 
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2.2.4.10   Turbine Meters 
 
Turbine meters shall be series 300 stainless steel with an accuracy of plus or minus 1 percent from 30 
percent to 100 percent of actual flow. 
 
2.2.4.11   Insertion Turbine Flowmeter 
 
Design of the flowmeter probe assembly shall incorporate integral flow, temperature, and pressure 
monitoring.  The meter flow sensing element shall operate over the temperature range with a pressure loss 
limited to 2 percent of operating pressure at maximum flow rate.  The internal temperature transmitter 
shall monitor the full temperature range of the fluid.  The integral pressure transmitter shall monitor the 
pressure range with end limits of 0 psi to 300 psig.  The flowmeter electronics shall be scaled and rescaled 
in the field when application data changes.  The flowmeter shall be designed for installation in pipe sizes 
of 3 inches and larger to accommodate maximum probe insertion depths up to 44 inches.  The retractor 
assembly shall have a rotor depth gage having graduations of 0.1 inches to determine exact position of 
turbine rotor in the pipe.  The meter retractor assembly and the turbine rotor assembly shall be constructed 
of Series 300 stainless steel with polytetrafluoroethylene (PTFE) seals.  The meter retractor assembly 
shall be designed to protect the turbine rotor during insertion into the pipeline.  Retraction of the turbine 
rotor shall be accomplished by using a hand wheel.  The retractor assembly shall include an isolation 
valve providing a means of removal of the meter from service to allow for field maintenance and field 
replacement of the rotor assembly or parts.   The turbine rotor shall be designed to allow compensation 
for bearing wear without affecting rotor calibration.  The turbine rotor shall have an over range operating 
capacity of 150 percent of maximum flow for up to 5 seconds.  The rotor shall be calibrated at the factory 
in an actual flow of similar fluid over the flow range performed on test equipment with accuracy traceable 
to the National Institute of Standards and Technology (NIST).  A copy of the calibration test data, 
including all of the physical parameters under which the calibration tests were performed, shall be 
provided with each turbine rotor.  Calibration test data shall be analyzed to determine the rotor's 
arithmetic average "K" factor, the best line fit and the plus or minus deviation from these figures.  Turbine 
flowmeter accuracy shall be plus or minus 1 percent of reading for a minimum turndown ratio of 1:1 
through a maximum turndown ratio of 50:1.  Repeatability shall be plus or minus 0.25 percent of reading.  
Accuracy of the transmitter shall be plus or minus 0.25 percent over the calibrated span.  The turbine rotor 
response time from minimum to maximum flow shall be less than 10 milliseconds. 
 
2.2.4.12   Ultrasonic Flowmeter 
 
Ultrasonic flowmeter shall utilize high frequency Doppler shift or transit-time transducer.  Flowmeter 
shall be capable of measuring flow up to a maximum flow rate of 15 fps. 
 
2.2.4.13   Variable Area Flowmeter 
 
Meters shall have an accuracy of plus or minus 5 percent of full scale.  The flowmeter body shall be clear 
acrylic plastic or glass with stainless steel end fittings.  The float shall be glass or stainless steel.  The 
metering tube shall be tapered and shall be provided with a direct reading flow scale engraved on the 
meter body. 
 
2.2.4.14   Venturi Tube 
 
Venturi tube shall be made of cast iron or cast steel.  The throat section shall be lined with austenitic 
stainless steel.  Thermal expansion characteristics of the lining shall be the same as that of the throat 
casting material.  The surface of the throat lining shall be machined to a plus or minus 1.2 micron (50 
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mils) finish, including the short curvature leading from the converging entrance section into the throat.  
The metering tube shall be rated for continuous duty service at minimum pressure of 100 psig. 
 
2.2.4.15   Vortex Shedding Flowmeter 
 
The accuracy shall be within plus or minus 2 percent of the actual volumetric flow.  The flow meter body 
shall be made of austenitic stainless steel.  Flowmeter shall be rated for continuous duty service at 
minimum pressure of 100 psig.  The vortex shedding flowmeter body shall not require removal from the 
piping in order to replace the shedding sensor. 
 
2.2.5   Level Instrumentation 
 
Pressure taps shall incorporate appropriate snubbers.  Relays and housing shall be intrinsically safe or 
explosion proof as required by the NFPA hazard rating for compatibility with the contents of the tank or 
sump.  The controller shall be provided with a minimum of three sets of dry contacts rated in accordance 
with NEMA ICS 1. The first set of contacts shall close when the lower (warning) detection level has been 
exceeded.  The second set of contacts shall close when the upper (alarm) detection level has been 
exceeded.  The third set of contacts shall close when a controller malfunction has occurred, including loss 
of power or loss of sensor input.  The alarm levels shall be individually adjustable.  The controller shall 
be provided with an audible warning horn that sounds when the upper detection level has been exceeded, 
and a warning horn silence button.  The controller shall provide a 4-20 mA DC output signal to the 
programmable logic controller, proportional to the measured parameter.  The controller shall be provided 
with an internal battery to maintain operation for a minimum of 12 hours if power is lost. 
 
2.2.5.1   Bubble Type Level Sensor 
 
Bubbler type liquid level sensor shall be of the hydrostatic balance type, operating from compressed air.  
Each gauging system shall contain the following: an air set including connection to plant air, compressed 
air pressure regulating valve, air filter and moisture trap; a sight feed bubbler with built-in adjusting 
needle valve; a tank entry gland with air supply and equalized pilot signal connections; a 1/2 inch 
standard weight 316 stainless steel dip tube; a direct reading circular gauge 300 mm (12 inch) in diameter 
calibrated for the connected tank and tank liquid; connections to the circular gauge and to the pressure 
transducer for zero setting and calibration check; a connecting bubbler supply and equalized pilot signal 
stainless tubing with minimum field made joints; and a pressure transmitter, selected to correspond to the 
range required to gauge the connected tank. 
 
2.2.5.2   Capacitance Type Level Sensor 
 
Liquid level sensor shall produce a signal that is proportional to the measured level.  Sensor shall be 
capacitance type.  The transmitter shall have non-interacting zero and span adjustments, and shall have an 
accuracy of plus or minus 1 percent of calibrated span.  Assemblies shall include wall bracket or 
mounting plate, austenitic stainless steel rods, stainless steel bolts and corrosion-resistant housing. 
 
2.2.5.3   Conductivity Switch 
 
The switch shall detect the presence of a fluid by measuring the electrical resistance between a sensor and 
a ground electrode.  Electrodes shall be constructed of 316 stainless steel.  Electrodes shall be fully clad 
using polytetrafluoroethylene (PTFE).  The conductivity switch shall be capable of 4 separate level set 
points.  The switch shall be provided with a ground electrode.  Electrode lengths shall be as necessary, 
based on the application and to meet the requirements of the control sequence.  A relay switching point 
shall be provided for each sensor.  Contacts shall be rated for a maximum of 240 vAC, 5 A.  Switch shall 
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have a maximum response time of 2 seconds.  Assembly shall be flange mounted and suitable for the 
indicated environment. 
 
2.2.5.4   Displacement Type Level Switch 
 
Liquid level switch shall be displacement type, having a minimum of two tandem floats with each float 
independently activating a set of Form C contacts at two different level settings.  Each switch shall have a 
narrow differential band.  The mounting connections shall be threaded, flanged or surface mounted to suit 
the application.  All surfaces in contact with the tank contents shall be austenitic stainless steel.  The 
switch enclosure shall be explosion proof for use in a hazardous environment, complete with a sealed 
water tight junction box, terminal block, and mounting plate.  Each set of contacts shall be snap action, 
dry contact type with one normally open and one normally closed, contact rated in accordance with 
NEMA ICS 1.  The switch shall be actuated by a magnetically equipped stainless steel displacer.  
Repetitive accuracy shall be plus or minus 6 mm (1/4 inch) of actual displacer setting. 
 
2.2.5.5   Float Switch 
 
Float switch assemblies for use in liquid systems shall consist of wall bracket or mounting plate, 
galvanized steel rods, stainless steel bolts, explosion proof and corrosion resistant housing, and 
intrinsically safe relays.  Each switch shall consist of two normally open switches. The float casing shall 
be polypropylene. The switch cable shall be oil resistant thermoplastic cable with 4 No. 18 gauge stranded 
copper conductors, rated for 600 Volt application. 
 
2.2.5.6   Reed Sensor 
 
Sensor shall consist of a transmitter tube with a reed strip located inside.  The tube length shall be of 
sufficient length to permit adjustment of switch actuation within process parameters.  A float containing a 
permanent magnet shall fit over the transmitter tube and shall move up and down with the liquid level.  
The transmitter tube and sliding float assembly shall be as required for the application as shown on the 
drawings.  Wetted parts shall be suitable for the installed service indicated.  Assembly shall be flange 
mounted. 
 
2.2.5.7   Ultrasonic Sensor 
 
The sensor shall be microprocessor-based and shall provide continuous, non-contact level measurement 
of liquids and solids utilizing microwave pulsed time of flight measurement method.  The sensor shall 
operate in a frequency band approved for industrial use.  The sensor shall be capable of measuring in a 
range of 0 to 10 feet, with an accuracy of plus or minus 1 percent of full scale.   The sensor shall be 
capable of distinguishing between real echoes, reflections and background noise.  The sensor shall 
automatically compensate for temperature changes.  Assembly shall be flange mounted, of sufficient size 
to eliminate echoing, and suitable for the installed environment indicated.  Mounting assembly shall be 
suitable for service without requiring entry or drainage of the vessel or sump where level is being 
measured. 
 
2.2.5.8   Leak Detection 
 
Double walled containment system leak detectors shall use electrodes mounted in the interstices of double 
walled containment systems.  Leak detectors for open systems shall be mounted at slab or floor level.  
Detector shall have a contact rating of 1.0 amps resistive or 200 mA inductive at 28 vDC.  Leak detector 
panel shall indicate the location and detector causing the alarmed state.  The indicator shall be manual 
reset type.  A framed, non-fading half-size as-built location map in laminated plastic shall be provided for 
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the cable leak detection system in double containment piping systems indicating the as installed system 
configuration; sensing string layout shall be furnished.  Marks in feet along the length of pipeline 
interstitial cable shall be provided as references to locate leaks. 
 
2.2.6   Pressure Instrumentation 
 
Pressure taps shall incorporate appropriate snubbers.  The controller shall be provided with a minimum of 
three sets of dry contacts rated in accordance with NEMA ICS 1.  The first set of contacts shall close 
when the lower (warning) detection level has been exceeded.  The second set of contacts shall close when 
the upper (alarm) detection level has been exceeded.  The third set of contacts shall close when a 
controller malfunction has occurred, including loss of power or loss of sensor input.  The alarm levels 
shall be individually adjustable.  The controller shall be provided with an audible warning horn that 
sounds when the upper detection level has been exceeded, and a warning horn silence button.  The 
controller shall provide a 4-20 mA DC output signal to the programmable logic controller, proportional to 
the measured parameter.  The controller shall be provided with an internal battery to maintain operation 
for a minimum of 12 hours if power is lost.  Pressures shall be controlled to within plus or minus 5 
percent of design pressures. 
 
2.2.6.1   Pressure Sensor 
 
The sensing element shall be either capsule, diaphragm, bellows, Bourdon tube, or solid state as 
applicable for the installation.  The pressure transducer shall withstand up to 300 percent of rated 
pressure, with an accuracy of plus or minus 5 percent of full scale selected to put the design range of the 
measured pressure in the middle third of the transducer's range.  Pressure shall be measured in psig with a 
range, plus or minus 10 percent of design range, and shall be furnished with display to the nearest 0.5 psi.   
 
2.2.6.2   Pressure Switch 
 
Sensors shall be diaphragm or Bourdon tube and shall be constructed of 316 stainless steel.  Pressure 
switch shall have a repetitive accuracy of plus or minus 5.0 percent of the operating range and shall 
withstand up to 150 percent of rated pressure.   Switch actuation set point shall be adjustable over the 
operating pressure range with a differential adjustment span of 20 to 40 percent of the range of the switch.  
The switch shall have Form C snap-action contacts rated in accordance with NEMA ICS 1. 
 
2.2.6.3   Differential Pressure 
 
The sensor/transmitter assembly accuracy shall be plus or minus 5 percent of full scale.  The over 
pressure rating shall be a minimum of 300 percent of the operating pressure.  Transmitter shall be suitable 
for installation with the low pressure connection removed. 
 
2.2.6.4   Differential Pressure Switch 
 
Each switch shall be an adjustable diaphragm, or bellows operated device, with taps for sensing lines for 
connection of pressure fittings designed to sense fluid pressure.  For measuring air, gas or vapor stream 
differential pressure, these fittings shall be of the angled-tip type with tips pointing into the air stream.  
The adjustable differential range shall be a maximum of 0.5 inches water at the low end to a minimum of 
6.0 inches water at the high end.  Two Form C contacts rated in accordance with NEMA ICS 1 shall be 
provided. 
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2.2.6.5   Pneumatic to Electric (PE) Switch 
 
Each switch shall have an adjustable set point range of 3.0 to 20 psig and an adjustable differential from 
2.0 to 6.0psi.  Contacts shall be Form C rated in accordance with NEMA ICS 1. 
 
2.2.7   Temperature Instrumentation 
 
The controller shall be provided with a minimum of three sets of dry contacts rated in accordance with 
NEMA ICS 1.  The first set of contacts shall close when the lower (warning) detection level has been 
exceeded.  The second set of contacts shall close when the upper (alarm) detection level has been 
exceeded.  The third set of contacts shall close when a controller malfunction has occurred, including loss 
of power or loss of sensor input.  The alarm levels shall be individually adjustable.  The controller shall 
be provided with an audible warning horn that sounds when the upper detection level has been exceeded, 
and a warning horn silence button.  The controller shall provide a 4-20 mA DC output signal to the 
programmable logic controller, proportional to the measured parameter.  The controller shall be provided 
with an internal battery to maintain operation for a minimum of 12 hours if power is lost. 
 
2.2.7.1   Fluid Temperature Range 
 
All devices shall be suitable for process temperatures, which define the exposure of the element, and are 
described in the table on the drawings.  Mercury shall not be used in thermometers. 
 

a.     Type A shall be bimetal thermometer:  Direct reading, hermetically sealed, suitable for 
external adjustment.  Accurate within 1 percent of full range.  Stainless steel construction.  
Complete with thermowell. 

 
b.   Type B shall be remote reading gas/vapor thermometer:  Direct reading, stainless steel 

case designed for panel mounting, complete with armor cable, bulb and ancillary 
components for complete system.  Movement-less design, resistant to shock and vibration 
and free from error created by elevation.  Provided with gas operated molecular sieve.  
Accurate within 1 percent over full range. 

 
 
2.2.7.2   Resistance Temperature Detector (RTD) 
 
RTD shall be platinum, with an accuracy of plus or minus 1 percent at 320 F.  RTD shall be encapsulated 
in stainless steel Series 300. 
 
2.2.7.3   Continuous Averaging RTD 
 
Continuous averaging RTD shall have an accuracy of plus or minus 20 F at the reference temperature, and 
shall be of sufficient length to ensure that the resistance represents an average over the cross-section in 
which it is installed.  The sensor shall have a bendable copper sheath. 
 
2.2.7.4   Infrared Temperature Sensor 
 
Infrared temperature sensor shall be encapsulated in series 300 stainless steel or anodized aluminum.  
Sensor shall have an accuracy of plus or minus 1 percent of temperature measured. 
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2.2.7.5   Temperature Switch 
 
All devices shall be suitable for process temperatures, which define the exposure of the element, and as 
described in the table shown on the drawings.  Temperature switch shall have a repetitive accuracy of plus 
or minus 1 percent of the operating ranges shown.  Switch actuation shall be adjustable over the operating 
temperature range.  The switch shall have Form C snap action contacts, rated in accordance with NEMA 
ICS 1. 
 
2.2.7.6   Thermocouple 
 
Thermocouple shall be factory assembled with Series 300 stainless steel sheathing.  Wiring insulation 
shall be magnesium oxide.  Minimum insulation resistance wire to wire or wire to sheath shall be 1.5 
megaohm at 500 V DC.  Thermocouple shall be Type E, Type K or Type J.  Thermocouple error shall not 
exceed that specified in ISA MC96.1.  All wire/cable from thermocouple to transmitter shall be of the 
type necessary to match the thermocouple used.  Transmitter selected shall match the type of 
thermocouple provided.  The transmitter shall include automatic cold junction reference compensation 
with span and offset adjustments, and upscale open thermocouple detection. 
 
2.2.7.7   Thermowell 
 
Thermowell shall be monel, brass, or copper for use in water lines; wrought iron for measuring flue gases; 
and austenitic stainless steel for other applications.  Calibrated thermowells shall be provided with 
threaded plug and chain, 2 inch lagging neck and inside diameter insertion neck as required for the 
application.  The thermowell shall include a connection box, sized to accommodate the temperature 
sensing devise. 
 
2.2.8   Process Analytical Instrumentation 
 
Probes shall be easily removable without interrupting service.  Sampling pumps shall be included where 
necessary or applicable to the sensing device.  For sensors integral to the electronic controller the sample 
may be drawn directly into the sensor or may be drawn through a sample tube.  For sensors remotely 
located the sample may be drawn through a sample tube.  Outdoor sample tubes shall be heat traced.  
Sensor and controller construction shall be suitable for operation in the monitored medium.  Systems 
requiring automated zero and calibration gas or reagents shall be provided with 14 days supply of 
calibration gas or reagent.   
 
2.2.9   Electrical Instrumentation 
 
Electrical power measurements with a range for the specific application, plus or minus 1.0 percent of 
range (display and print to nearest kWh and kW).   
 
2.2.9.1   Hour Meter 
 
Hour meter shall provide a totalized readout of the number of hours of operation for the equipment 
monitored.  Meter shall provide readout with a minimum of 6 digits including 1 decimal place.  The 
display shall be non-resettable.  The meter shall be driven by a 120 vAC synchronous motor. 
 
2.2.9.2   Watt-Hour Meter 
 
Watt-hour meters shall be in accordance with ANSI C12.1 and shall have pulse initiators for remote 
monitoring of watt-hour consumption.  Meter sockets shall be in accordance with ANSI C12.1.  Pulse 
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initiator shall consist of Form C contacts with a current rating not to exceed 2 amperes and voltage not to 
exceed 500 V, with combinations of VA not to exceed 10 VA, and a life rating of one billion operations. 
 
2.3 COMPRESSED AIR STATIONS 
 
2.3.1   Air Compressor Assembly 
 
The air compressor shall be a high-pressure compressing unit with electric motor.  The compressor shall 
be equipped with a motor with totally enclosed belt guard, an operating-pressure switch, safety relief 
valves, gauges, intake filter and intake silencer and combination type magnetic starter with under voltage 
protection and thermal overload protection for each phase, and shall be supported by a steel base mounted 
on an air storage tank.  The air compressor shall provide the compressed air required for control operation 
while operating not more than one-third of the time.  The tank shall be of sufficient volume so that no 
more than six compressor starts per hour are required with the starting pressure switch differential set at 
20 psig.  The air storage tank shall be fabricated for a working pressure of not less than 200 psig and 
constructed and certified in accordance with ASME BPVC SEC VIII D1.  The tank shall be provided with 
an automatic condensate drain trap with manual override feature.   
 
2.3.2   Compressed Air Station Specialties 
 
2.3.2.1   Refrigerated Dryer, Filters and Pressure Regulator 
 
A refrigerated dryer shall be provided in the air outlet line of the air storage tank.  The dryer shall be of 
the size required for the full air requirement of the control system.  The air shall be dried at a pressure of 
not less than 70 psig to a temperature not greater than 350 F.  The dryer shall be provided with an 
automatic condensate drain trap with manual override feature.  The refrigerant used in the dryer shall be 
one of the fluorocarbon gases and have an ozone depletion potential of not more than 0.05.  A 5 micron 
prefilter and coalescing-type oil removal filter with shut-off valves shall be provided in the dryer 
discharge.  Each filter bowl shall be rated for 150 psig maximum working pressure.  A pressure regulator 
with high side and low side pressure gauges and a safety valve shall be provided downstream of the filter.  
Pressure regulators of the relieving type shall not be used. 
 
2.3.2.2   Coalescing Filter 
 
A coalescing prefilter, together with an automatic drain valve, shall be provided for removal of liquids.  
The flow through the prefilter shall be from inside to outside and reduce an entrained quantity of 50 ppmv 
oil to 0.0013 ppmv effluent liquid oil and water and remove all particulates greater than 0.6 micron 
absolute.  The prefilter housing shall be fitted with a drain port to eliminate collected liquids and provide 
sufficient sump volume to prevent liquid re-entrainment, and an automatic drain valve with adjustable 
cycle and drain times.  Prefilter pressure drop shall be less than 3 psi saturated.  A particulate after filter, 
outside to inside flow, designed to remove desiccant fines shall be provided.  The after filter cartridge 
shall have a particulate removal rating of 0.5 micron absolute.  Both prefilter and after filter housings 
shall allow for service of elements without removing the entire assembly from the system.  Filter life shall 
be stated and guaranteed by the vendor. 
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2.3.2.3   Flexible Pipe Connections 
 
The flexible pipe connectors shall be designed for 150 psig and 2500 F service and shall be constructed of 
rubber, polytetrafluoroethylene (PTFE) resin or braided corrosion-resistant steel, bronze, monel or 
galvanized steel.  The connectors shall be suitable for the service intended and may have threaded or 
soldered ends.  The length of the connectors shall be as recommended by the manufacturer for the service 
intended. 
 
2.3.2.4   Vibration Isolation Units 
 
The vibration isolation units shall be standard products with published loading ratings and shall be single 
rubber-in-shear, double rubber-in-shear or spring type. 
 
2.3.2.5   Compressed Air Piping 
 
Control air delivered to the system shall conform to ISA S7.0.01.  Air lines for pneumatic controls shall 
be seamless copper tubing or nonmetallic tubing.  Nonmetallic tubing shall be compounded from 
polyethylene.  Air lines concealed in walls shall be hard-drawn copper tubing or nonmetallic tubing in 
rigid conduit.  Terminal single lines shall be hard-drawn copper tubing except when the run is less than 12 
inches in length, flexible polyethylene may be used.  Nonmetallic tubing will not be used for applications 
where the tubing could be subjected to a temperature of 1300 F.  Fittings for nonmetallic tubing shall be 
for instrument service and may be brass or acetyl resin of the compression or barbed push-on type.  
Tubing shall be as follows: 
 

a.   Copper tubing shall conform to ASTM B 88M (ASTM B 88) and shall have sweat 
fittings and valves.  Exposed tubing shall be hard drawn in exposed areas and hard-
drawn or annealed in concealed areas.   Only tool made bends shall be used.  Fittings 
for copper tubing shall be brass or copper solder joint type except at connections to 
the apparatus, where fittings shall be brass compression type.  Grooved mechanical 
joints and fittings shall be designed for not less than 125 psig service and shall be the 
product of the same manufacturer.  Grooved fittings and mechanical coupling 
housing shall be ductile conforming to ASTM A 536.  Gaskets for use in grooved 
joints shall be molded synthetic polymer of pressure responsive design and shall 
conform to ASTM D 2000 for circulating medium up to 2300 F.  Grooved joints shall 
conform to AWWA C606.  Tubing shall be rack mounted where multiple tubes run in 
parallel.  Multiple tubes may be bundled when concealed. 

 
b.  Tubing shall be flame resistant, multiple polyethylene tubing in an extruded PVC 

protective sheath, or unsheathed polyethylene tubing in rigid metal, intermediate 
metal, or electrical metallic tubing conduit for areas where tubing is exposed.  Tubing 
shall have barbed fittings and valves, and shall conform to the following:  Burst 
pressure shall be 550 psig at 750 F to 175 psig at 1500 F, minimum.  Stress crack 
resistance in accordance with ASTM D 1693 shall be 200 hours, minimum.  Tensile 
strength in accordance with ASTM D 638 shall be 2000 psi, minimum.  Average 
density in accordance with ASTM D 792 shall be 920 kg/m3.  Average flow rate in 
accordance with ASTM D 1238 shall be 0.30 decigram per minute. 

 
c.    Plastic tubing shall have the burning characteristics of linear low density polyethylene 

tubing, shall be self extinguishing when tested in accordance with ASTM D 635, 
shall have UL 94 V-2 flammability classification, and shall withstand stress cracking 
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when tested in accordance with ASTM D 1693.  Polyethylene tubing shall not be 
used for smoke removal systems. 

 
2.3.3   Barrier Jacket 
 

Plastic tubing bundles shall be provided with mylar barrier and flame retardant polyethylene jacket.  
Each tube shall be numbered. 

 
2.4   PROGRAMMABLE LOGIC CONTROLLER (PLC) 
 
2.4.1   PLC General Requirements 
 
PLCs shall be micro-processor based, capable of receiving discrete and analog inputs and, through 
programming, shall be able to control discrete and analog output functions, perform data handling 
operations and communicate with external devices.  PLCs shall meet the requirements of Class A 
computing devices, and shall be labeled as set forth in 47 CFR 15 and shall be able to withstand 
conducted susceptibility test as outlined in NEMA ICS 1, NEMA ICS 2, NEMA ICS 3, and or IEEE 
C37.90.1.  PLCs shall function properly at temperatures between  32 and 1220 F at 5 to 95 percent 
relative humidity non-condensing, and shall tolerate storage temperatures between minus 40 and plus 
40 and plus 1400 F at 5 to 95 percent relative humidity non-condensing. 
 
2.4.2   Modular PLC 
 
PLCs shall be based on a modular, field expandable design allowing the system to be tailored to the 
process control application.  The system shall be expandable through the use of additional hardware 
and/or user software.  As a minimum, the PLC shall include a mounting backplate, power supply 
module, central processing unit (CPU) module, communications module, and input/output (I/O) 
module.  The modules shall be grouped together in a mounting rack or cabinet.  The mounting rack 
backplane shall provide the communications mechanism to fully integrate the individual modules 
located within the rack.  Modules shall plug directly into the backplane.  The use of wire connectors 
between modules will not be allowed.  The rack size shall be as needed to hold the equipment necessary 
while performing the required control functions.  The system configuration shall allow for the removal 
and/or installation of modules under power. 
 
2.4.2.1   Central Processing Unit (CPU) Module 
 
The CPU module shall be a self contained, microprocessor based unit that provides time of day, 
scanning, application (ladder rung logic) program execution, storage of application programs, storage of 
numerical values related to the application process and logic, I/O bus traffic control, peripheral and 
external device communications and self diagnostics. 
 
2.4.2.2   Communications Module 
 
The communications module shall allow peer-to-peer communication with other PLCs and shall allow 
the PLC to communicate with the central station, or workstation.  The communication module shall 
utilize the manufacturer's standard communication architecture and protocol, ethernet architecture and 
protocol or a combination of these.  The communication module shall allow programming of the PLC 
to be done locally through the use of a laptop computer or from the central station or remote 
workstation. 
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2.4.2.3   Power Supply Module 
 
One or more power supply modules shall be provided as necessary to power other modules installed in 
the same cabinet.  Power supply modules shall plug directly into the backplane.  Auxiliary power 
supplies may be used to supply power to remote cabinets or modules. 
 

a.    Power supply modules shall use AC power with a nominal voltage of 120 vAC plus 
or minus 5 percent.  The power supply module shall monitor the incoming line 
voltage level and shall provide over current and over voltage protection.  If the 
voltage level is detected as being out of range the power supply module shall 
continue to provide power for an adequate amount of time to allow for a safe and 
orderly shutdown.  Power supply modules shall be capable of withstanding a power 
loss for a minimum of 20 milliseconds while still remaining in operation and 
providing adequate power to all connected modules. 

 
b.   Each power supply module shall be provided with an on-off switch integral to the 

module.  If the manufacturer's standard power supply module is not provided with an 
on-off switch, a miniature toggle type switch shall be installed near the PLC and shall 
be clearly labeled as to its function. 

 
c.    Power supply modules shall be provided with an indicating light which shall be lit 

when the module is operating properly. 
 
2.4.2.4   Input/Output (I/O) Modules 
 
Modules shall be self contained, microprocessor based units that provide an interface to field devices.  
The module shall be located in the same mounting rack as the other PLC components.  The unit shall plug 
directly into the backplane of the mounting rack.  Each module shall contain visual indication to display 
the on-off status of individual inputs or outputs. 
 
2.4.3   Loop PLC 
 
PLCs shall be single or multiple loop controllers depending on the control system requirements.  
Controllers shall be self contained and shall include a central processing unit (CPU), program memory, 
power supply, input/output capability, network communications capability and display/keyboard.  The 
controller shall have a scaleable process variable for each loop.  Analog input signals shall be based on 
the use of proportional, integral and derivative (PID) control logic.  Analog outputs shall be configured as 
direct acting or reverse acting.  The controller shall have keyboard, display, auto/manual selection for 
control of each loop output, remote setpoint, adjustment/local setpoint adjustment selection with 
adjustable high-end and low-end limits, ratio and bias adjustment on remote setpoint input, operator-
initiated self-tune/manual-tune selection and anti-reset wind-up feature.  Controller shall power analog 
output loops to 20 mAdc when connected to a load of 600 ohms. 
 
2.4.3.1   Central Processing Unit (CPU) 
 
The central processing unit shall be microprocessor based and shall provide time of day, scanning, 
application program (ladder rung logic) execution, storage of application programs, storage of numerical 
values related to the applications process and logic, I/O bus traffic control, peripheral and external device 
communications and self diagnostics. 
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2.4.3.2   Power Requirements 
 
Each controller shall be powered by 120 vAC.  Power consumption shall not exceed 25 watts.  Controller 
shall provide electrical noise isolation between the AC power line and the process variable inputs, remote 
setpoint inputs and output signals of not less than 100 dB at 60 Hertz common mode rejection ration and 
not less than 60 dB at 60 hertz normal-mode rejection ration. 
 
2.4.3.3   On-Off Switch 
 
Each controller shall be provided with an integral on-off switch.  If the controller is not provided with a 
manufacturer’s standard on-off switch, a miniature toggle type switch shall be installed near the controller 
and shall be clearly labeled as to its function. 
 
2.4.3.4   Parameter Input and Display 
 
Control parameters shall be entered and displayed directly, in the correct engineering units, through a 
series of keystrokes on a front panel display with decimal point and polarity indication.  Display shall be 
in metric or English units as selected by the operator. 
 
2.4.3.5   Self Tuning 
 
Controllers shall be provided with self-tuning operation which shall apply to proportional, integral and 
derivative modes of control and shall modify the mode constants as required.  Self-tuning shall only be in 
operation when selected from the front panel. 
 
2.4.3.6   Manual Tuning 
 
Controllers shall be provided with manual tuning operation which shall apply to proportional, integral and 
derivative modes of control, by means of individually adjustable mode constants.  These adjustments 
shall be set for the appropriate value if a particular control mode action is required or to zero if that 
particular mode is not desired.  The proportional mode constant shall be adjustable from 0 to 200 percent 
of the input signal range.  The integral mode constant shall be adjustable from 0 to 20 repeats per minute.  
The derivative mode constant shall be adjustable from 0 to 5 minutes. 
 
2.4.4   Program Storage/Memory Requirements 
 
The CPU shall utilize the manufacturer's standard non-volatile memory for the operating system.  The 
controller shall have electronically erasable, programmable, read only memory (EEPROM) for storage of 
user programs and battery backed RAM for application memory.  The EEPROM shall be loaded through 
the controller keypad, central station or through the use of a laptop computer.  The CPU memory capacity 
shall be based on the system's control requirements.  The memory capacity shall be sized such that, when 
the system is completely programmed and functional, no more than 50 percent of the memory allocated 
for these purposes is used. 
 
2.4.5   Input/Output Characteristics 
 
Each controller shall allow for analog input, analog output, discrete input and discrete output.  The 
number and type of inputs and outputs for the system shall be as shown on the drawings and shall comply 
with the sequence of control.  The system capacity shall include a minimum of 20 percent spare input and 
output points (no less than two points) for each point type provided.  During normal operation, a 
malfunction in any input/output channel shall affect the operation of that channel only and shall not affect 
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the operation of the CPU or any other channel.  Analog input circuits shall be available in 4-20 mA.  
Discrete input circuits shall be available in 79-132 vAC.  All input circuits shall have a minimum optical 
isolation of 1500 VRMS and shall be filtered to guard against high voltage transients from the externally 
connected devices.  Analog output circuits shall be available in 4-20 mA.  Discrete output circuits shall be 
available in 79-132 vAC.  All output circuits shall have a minimum optical isolation of 1500 VRMS and 
shall be filtered to guard against high voltage transients from the externally connected devices. 
 
2.4.6   Wiring Connections 
 
Wiring connections shall be heavy duty, self lifting, pressure type screw terminals to provide easy wire 
insertion and secure connections.  The terminals shall accept two #14 AWG wires.  A hinged protective 
cover shall be provided over the wiring connections.  The cover shall have write-on areas for 
identification of the external circuits. 
 
2.4.7   On-Off Switch 
 
Each controller shall be provided with an integral on-off power switch.  If the controller is not provided 
with a manufacturer's standard on-off switch, a miniature toggle type switch shall be installed in the 
control panel near the controller and shall be clearly labeled as to its function. 
 
2.4.8   Diagnostics 
 
Each PLC shall have diagnostic routines implemented in firmware.  The CPU shall continuously perform 
self-diagnostic routines that will provide information on the configuration and status of the CPU, 
memory, communications and input/output.  The diagnostic routines shall be regularly performed during 
normal system operation.  A portion of the scan time of the controller shall be dedicated to performing 
these housekeeping functions.  In addition, a more extensive diagnostic routine shall be performed at 
power up and during normal system shutdown.  The CPU shall log input/output and system faults in fault 
tables which shall be accessible for display.  When a fault affects input/output or communications 
modules the CPU shall shut down only the hardware affected and continue operation by utilizing the 
healthy system components.  Diagnostic software shall be useable in conjunction with the portable tester. 
 
2.4.9   Accuracy 
 
Controllers shall have an accuracy of plus or minus 0.25 percent of input span. 
 
2.5   PLC SOFTWARE 
 
All PLC software described in this specification shall be furnished as part of the complete control system. 
 
2.5.1   Operating System 
 
Each PLC shall be provided with the manufacturer's standard operating system software package.  The 
PLC shall maintain a point database in its memory that includes all parameters, constraints and the latest 
value or status of all points connected to the PLC.  Execution of the PLC application programs shall use 
the data in memory resident files.  The operating system shall support a full compliment of process 
control functions.  It shall be possible to define these functions using a mix of function blocks, ladder 
logic diagrams, sequential function charts and text programming.  Programming methods and interactions 
shall be based on IEC 61131-3.  A combination of the programming methods shall be possible within a 
single controller.  The operating system shall allow loading of software locally or from the central station 
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and data files from the portable tester.  It shall also support data entry and diagnostics using an operator 
interface panel attached directly to the PLC.  Each PLC shall be capable of operating in stand alone mode. 
 
2.5.1.1   Startup 
 
The PLC shall have startup software that causes automatic commencement of operation without human 
intervention, including startup of all connected I/O functions.  A PLC restart program based on detection 
of power failure at the PLC shall be included in the PLC software.  The restart program shall include start 
time delays between successive commands to prevent demand surges or overload trips. 
 
2.5.1.2   Failure Mode 
 
Upon failure for any reason, each PLC shall perform an orderly shutdown and force all PLC outputs to a 
predetermined (failure mode) state, consistent with the failure modes shown and the associated control 
device. 
 
2.5.2   Functions 
 
The controller operating system shall be able to scan inputs, control outputs, and read and write to its 
internal memory in order to perform the required control as indicated in the sequence of control on the 
drawings.  The controller shall periodically perform self diagnostics to verify that it is functioning 
properly. 
 
2.5.2.1   Analog Monitoring 
 
The system shall measure and transmit all analog values including calculated analog points. 
 
2.5.2.2   Logic (Virtual) 
 
Logic (virtual) points shall be software points entered in the point database which are not directly 
associated with a physical I/O function.   Logic (virtual) points shall be analog or digital points created by 
calculation from any combination of digital and analog points, or other data having all the properties of 
real points, including alarms, without the associated hardware.  Logic (virtual) points shall be defined or 
calculated and entered into the database by the Subcontractor.  The calculated analog point shall have 
point identification in the same format as any other analog point. 
 
2.5.2.3   State Variables 
 
If an analog point represents more than two (up to 8) specific states, each state shall be nameable.  For 
example, a level sensor shall be displayed at its measured engineering units plus a state variable with 
named states usable in programs or for display such as low alarm/low/normal/high/high alarm. 
 
2.5.2.4   Analog Totalization 
 
Any analog point shall be operator assignable to the totalization program.  Up to eight analog values shall 
be totalized within a selectable time period. 
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2.5.2.5   Trending 
 
Any analog or calculated point shall be operator assignable to the trend program.  Up to eight points shall 
be sampled at individually assigned intervals, selectable between 1 minute and 2 hours.  A minimum of 
the most recent 128 samples of each trended point shall be stored.  The sample intervals shall be able to 
be defined, modified, or deleted online. 
 
2.5.3   Alarm Processing 
 
Each PLC shall have alarm processing software for AI, DI, and PA alarms for all real and virtual points 
connected to that PLC. 
 
2.5.3.1   Digital Alarms 
 
Digital alarms are those abnormal conditions indicated by DIs as specified and shown.  The system shall 
automatically suppress analog alarm reporting associated with a digital point when that point is turned off. 
 
2.5.3.2   Analog Alarms 
 
Analog alarms are those conditions higher or lower than a defined value, as measured by an AI.  Analog 
readings shall be compared to predefined high and low limits, and alarmed each time a value enters or 
returns from a limit condition.  Unique high and low limits shall be assigned to each analog point in the 
system.  In control point adjustment (CPA) applications, key the limit to a finite deviation traveling with 
the setpoint.  The system shall automatically suppress analog alarm reporting associated with an analog 
point when that analog point is turned off. 
 
2.5.3.3   Pulse Accumulator (PA) Alarms 
 
Pulse accumulator alarms are those conditions calculated from totalized values of accumulator inputs or 
PA input rates that are outside defined limits as specified and shown.  PA totalized values shall be 
compared to predefined limits and alarmed each time a value enters a limit condition.  Unique limits shall 
be assigned to each PA point in the system. 
 
2.5.4   Constraints 
 
2.5.4.1   Equipment Constraints Definitions 
 
Each control point in the database shall have PLC resident constraints defined and entered by the 
Subcontractor, including as applicable: maximum starts (cycles) per hour; minimum off time; minimum 
on time; high limit (value in engineering units); and low limit (value in engineering units). 
 
2.5.4.2   Constraints Checks 
 
All control devices connected to the system shall have the PLC constraints checked and passed before 
each command is issued.  Each command point shall have unique constraints assigned.  High and low 
"reasonableness" values or one differential "rate-of-change" value shall be assigned to each AI.  Each 
individual point shall be capable of being selectively disabled by the operator from the central station. 
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2.5.5   Control Sequences and Control Loops 
 
Specific functions to be implemented are defined in individual system control sequences and database 
tables shown on the drawings, and shall include, as applicable, the following functions: PI control shall 
provide proportional control and proportional plus integral control; two position control shall provide 
control for a two state device by comparing a set point against a process variable and an established dead 
band; floating point control shall exercise control when an error signal exceeds a selected dead band, and 
shall maintain control until the error is within the dead band limits; signal selection shall allow the 
selection of the highest or lowest analog value from a group of analog values as the basis of control and 
shall include the ability to cascade analog values so that large numbers of inputs can be reduced to one or 
two outputs; signal averaging shall allow the mathematical calculation of the average analog value from a 
group of analog values as the basis of control and shall include the ability to "weight" the individual 
analog values so that the function output can be biased as necessary to achieve proper control; reset 
function shall develop an AO based on up to two AIs and one operator specified reset schedule. 
 
2.5.6   Command Priorities 
 
A scheme of priority levels shall be provided to prevent interaction of a command of low priority with a 
command of higher priority.  Override commands entered by the operator shall have higher priority than 
those emanating from applications programs. 
 
2.5.7   Resident Application Software 
 
The Subcontractor shall provide resident applications programs developed in accordance with paragraph 
Graphical Object Oriented Programming to achieve the sequences of operation, parameters, constraints, 
and interlocks necessary to provide control of the process systems connected to the control system.  All 
application programs shall be resident in the PLC and shall execute in the PLC, and shall coordinate with 
each other, to insure that no conflicts or contentions remain unresolved. 
 
2.5.7.1   Program Inputs and Outputs 
 
The Subcontractor shall use program inputs listed for each application program to calculate the required 
program outputs.  Where specific program inputs are not available, a "default" value or virtual point 
appropriate for the equipment being controlled and the proposed sequence of operation shall be provided 
to replace the missing input, thus allowing the application program to operate. 
 
2.5.7.2   Failure Mode 
 
In the event of a PLC failure, the controlled equipment shall continue to function in the failure mode 
shown on the drawings. 
 
2.6   CONTROL PANELS 
 
2.6.1   Components 
 
2.6.1.1   Enclosures 
 
The enclosure for each control panel shall conform to the requirements of NEMA 250 for the types 
specified.  Finish color shall be the manufacturer's standard, unless otherwise indicated.  Damaged 
surfaces shall be repaired and refinished using original type finish.  Enclosures shall be as specified or 
shown.  Enclosures for equipment installed outdoors shall be Type 4 or as shown.  Enclosures for 
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installation in a corrosive environment shall be Type 4X and shall be constructed of stainless steel, 
fiberglass or polymer plastic.  Painted steel shall not be allowed for use in a corrosive environment.  
Enclosure shall be provided with a single, continuously hinged exterior door with print pocket, 3-point 
latching mechanism and key lock and a single, continuously hinged interior door. 
 
2.6.1.2   Controllers 
 
Controllers shall be in accordance with paragraph Programmable Logic Controller (PLC). 
 
2.6.1.3   Standard Indicator Light 
 
Indicator lights shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508.  Lights shall be heavy duty, 
round and shall mount in a 0.875 inch mounting hole.  Indicator lights shall be LED type and shall 
operate at 120 vAC or 24 vDC.  Long life bulbs shall be used.  Indicator light shall be provided with a 
legend plate labeled as shown on the drawings.  Lens color shall be as indicated on the drawings.  Lights 
shall be push to test (lamp) type. 
 
2.6.1.4   Selector Switches 
 
Selector switches shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508.  Selector switches shall be 
heavy duty, round and shall mount in a 0.875 inch mounting hole.  The number of positions shall be as 
indicated on the drawings.  Switches shall be as indicted of the drawings.  Switches shall be rated for 600 
volts, 10 amperes continuous.  Selector switches shall be provided with a legend plate labeled as shown 
on the drawings.  Where indicated or required, dual auxiliary contacts shall be provided for the automatic 
position to provide position sensing at the central station or workstation.  Auxiliary contacts shall be rated 
for 120 vAC, 1A as a minimum.  Where indicated on the drawings, switches shall be key operated.  All 
keys shall be identical. 
 
2.6.1.5   Push Buttons 
 
Push buttons shall comply with NEMA ICS 1, NEMA ICS 2 and UL 508.  Push buttons shall be heavy 
duty, round and shall mount in a 0.875 inch mounting hole.  The number and type of contacts shall be as 
indicated on the drawings or required by the Sequence of Control.  Push buttons shall be rated for 600 
volts, 10 amperes continuous.  Push buttons shall be provided with a legend plate labeled as shown on the 
drawings. 
 
2.6.1.6   Relays 
 
Relays shall comply with IEEE C37.90.1 and derated for altitude above 1,500 m.  Relays shall be as 
required by the Sequence of Control.  Relay coil shall be 20 vAC or 24 vDC and shall be provided with 
matching mounting socket.  Power consumption shall not be greater than 3 watts. 
 
2.6.1.7   Terminal Blocks 
 
Terminal blocks shall comply with NEMA ICS 4 and UL 1059.  Terminal blocks for conductors exiting 
control panels shall be two-way type with double terminals, one for internal wiring connections and the 
other for external wiring connections.  Terminal blocks shall be made of bakelite or other suitable 
insulating material with full deep barriers between each pair of terminals.  A terminal identification strip 
shall form part of the terminal block and each terminal shall be identified by a number in accordance with 
the numbering scheme on the approved wiring diagrams. 
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2.6.1.8   Autodialer 
 
Autodialer shall be a self contained, programmable device capable of automatic operation.  The unit shall 
automatically dial preprogrammed number(s) to report alarm(s) or other specified conditions.  The 
autodialer shall automatically redial upon receipt of a busy signal.  The number of redials shall be an 
operator definable parameter.  The unit shall be capable of dialing a minimum of three phone numbers.  
The unit shall communicate over voice grade phone lines. 
 
2.6.1.11   Alarm Horns 
 
Alarm horns shall be provided where indicated on the drawings.  Horns shall be vibrating type and shall 
comply with UL 508.  Horns shall provide 100 dB at 10 feet.  Exterior mounted horns shall be weather 
proof by design or shall be mounted in a weather proof enclosure that does not reduce the effectiveness of 
the horn. 
 
2.6.2   Panel Assembly 
 
Control panels shall be factory assembled and shipped to the jobsite as a single unit.  Panels shall be 
fabricated as indicated and devices shall be mounted as shown or required.   
 
2.6.3   Electrical Requirements 
 
Each panel shall be powered by a dedicated 120 volts AC circuit, with a fuse, sized as recommended by 
the equipment manufacturer, and a disconnect switch located inside the panel.  Wiring shall terminate 
inside the panel on terminal blocks.  Electrical work shall be as specified in and as shown on the 
drawings. 
 
2.6.4   Power Line Conditioner 
 
Each control panel shall be provided with a power line conditioner to provide both voltage regulation and 
noise rejection.  The power line conditioner shall be of the ferro-resonant design, with no moving parts 
and no tap switching, while electrically isolating the secondary from the power line side.  The power line 
conditioner shall be sized for 125 percent of the actual connected kva load.  Characteristics of the power 
line conditioner shall be as follows: 
 
2.6.4.1   85 Percent Load 
 
At 85 percent load, the output voltage shall not deviate by more than plus or minus 1 percent of nominal 
voltage when the input voltage fluctuates between minus 20 percent to plus 10 percent of nominal 
voltage. 
 
2.6.4.2   Load Changes 
 
During load changes of zero to full load, the output voltage shall not deviate by more than plus or minus 3 
percent of nominal voltage.  Full correction of load switching disturbances shall be accomplished within 5 
cycles, and 95 percent correction shall be accomplished within 2 cycles of the onset of the disturbance. 
 
2.6.5   Grounding 
 
Control panel enclosures shall be equipped with a solid copper ground bus or equivalent.  The ground bus 
shall be securely anchored to the enclosure so as to effectively ground the entire structure.  Clamp-type 
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terminals sized large enough to carry the maximum expected current shall be provided on the ground bus 
for grounding cables.  Where a definite circuit ground is required, a single wire not less than #10 AWG 
shall run independently to the panel ground bus and shall be fastened to the ground bus with a bolted 
terminal lug.  Cases of instruments, relays and other devices shall be effectively grounded through the 
enclosures steel structure unless otherwise indicated.  Insulated wiring having a continuous rated current 
of not less than the circuit fuse rating shall be used for grounding.  Grounding terminals of power 
receptacles shall be solidly grounded to the panel enclosure. 
 
2.6.6   Convenience Outlet 
 
A 120 vAC, 20 amp, ground fault interruption (GFI) type duplex convenience outlet shall be provided 
inside the panel.  The outlet circuit shall be separate from the panel power circuit. 
 
2.6.7   Panel Interior Light 
 
Where indicated control panels shall be provided with a light.  The light shall be operated by a manual on-
off switch mounted on the interior door of the enclosure.  The light shall be powered by the same circuit 
as the convenience outlet. 
 
2.6.8   Ventilation System 
 
Where indicated control panels shall be provided with two single phase, 120 vAC ventilation fans.  Each 
fan shall supply a minimum of 100 cfm of ventilation air through the enclosure.  Each fan shall be 
provided with a line voltage thermostat.  Thermostat setpoints shall be adjustable in a range of 70 to 140° 
F as a minimum.  Each supply and exhaust grille shall contain a filter that is easily removed for cleaning 
or replacement. 
 
2.7   CENTRAL STATION AND OPERATORS WORKSTATION EQUIPMENT 
 
This section not used. 
 
2.8 CENTRAL STATION SOFTWARE 
 
This section not used. 
 
2.9   DATA COMMUNICATION REQUIREMENTS 
 
Control system data communications shall support the specified functions and control system 
configuration shown on the drawings. 
 
2.9.1   Central Station/Workstation 
 
Each workstation shall be able to communicate with the central station as a virtual terminal.  The 
workstation shall be able to initiate uploads or downloads of programs and resident data, including 
parameters of connected systems PLCs and devices, constraints and programs in the central station. 
 
2.9.2   Central Station/PLC 
 
The central station shall be able to initiate an upload or download of PLC data programs. 
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2.9.3   Modem Communication 
 
Communication with other computer systems shall be accomplished using a modem and dialup circuit.  
The central station or workstation shall be able to initiate upload or download of data files; however, 
answering incoming calls shall not be possible for system security reasons. 
 
2.9.4   Error Detection and Retransmission 
 
Asynchronous transmission system shall use cyclic code error detection methods.  The predicted 
undetected error rate shall not exceed 1 bit in 1 billion.  A message shall be in error if one bit is received 
incorrectly.   The system shall retransmit messages with detected errors.  Where a LAN is not utilized for 
data transmission, a 2-digit decimal number shall be operator assignable to each communication link 
representing the number of retransmission attempts.  When the number of consecutive retransmission 
attempts equals the assigned quantity, the central station shall close down transmission to that particular 
device, and print an alarm message.  The operator shall manually reopen any communications line after 
automatic closedown, subject to the same error checking and automatic closedown procedures in effect 
before the first automatic closedown.  The system shall monitor the frequency of data transmission errors 
for display and logging. 
 
 
PART 3   EXECUTION 
 
3.1   EQUIPMENT INSTALLATION REQUIREMENTS 
 
3.1.1   Installation 
 
The Subcontractor shall install system components and appurtenances in accordance with the 
manufacturer's instructions and shall provide necessary interconnections, services, and adjustments 
required for a complete and operable system.  Instrumentation and communication equipment and cable 
grounding shall be installed as necessary to preclude ground loops, noise, and surges from adversely 
affecting system operation.  The Subcontractor shall adjust or replace devices not conforming to the 
required accuracies.   Factory sealed devices shall be replaced (rather than adjusted).  Wiring in exposed 
areas, including low voltage wiring, shall be installed in metallic raceways or EMT conduit as specified.  
Wiring in air plenum areas installed without conduit shall be plenum-rated per NFPA 70. 
 
3.1.1.1   Isolation, Penetrations of Buildings and Clearance from Equipment 
 
Dielectric isolation shall be provided where dissimilar metals are used for connection and support.  
Penetrations through and mounting holes in the building exteriors shall be made watertight.  Holes in 
concrete, brick, steel and wood walls shall be drilled or core drilled with proper equipment; conduits 
installed through openings shall be sealed with materials which are compatible with existing materials.  
Openings shall be sealed with materials which meet the requirements of NFPA 70.  Installation shall 
provide clearance for control-system maintenance.  Control system installation shall not interfere with the 
clearance requirements for mechanical and electrical system maintenance. 
 
3.1.1.2   Device Mounting 
 
Devices shall be installed in accordance with manufacturers' recommendations and as shown.  Control 
devices to be installed in piping shall be provided with required gaskets, flanges, thermal compounds, 
insulation, piping, fittings, and manual valves for shutoff, equalization, purging, and calibration.  Any 
deviations shall be documented by the Subcontractor and submitted to the Government for approval prior 
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to mounting. Damaged insulation shall be replaced or repaired after devices are installed to match existing 
work.  Damaged galvanized surfaces shall be repaired by touching up with zinc paint. 
 
3.1.1.3   Pneumatic Tubing 
 
Tubing shall be concealed in finished areas.  Tubing may be run exposed in unfinished areas, such as 
mechanical equipment rooms.  For tubing to be enclosed in concrete, rigid metal or intermediate metal 
conduit shall be provided.  Tubing shall be installed parallel or perpendicular to building walls 
throughout.  Maximum spacing between tubing supports shall be 5 feet.  Each tubing system shall be 
tested pneumatically at 1.5 times the working pressure for 24 hours, with a maximum pressure drop of 1.0 
psig with compressed air supply turned off.  Joint leaks shall be corrected by remaking the joint.  
Caulking of joints will not be permitted.  Tubing and two insulated copper phone wires for installation 
checkout may be run in the same conduit.   Tubing and electrical power conductors shall not be run in the 
same conduit; however, control circuit conductors may be run in the same conduit as polyethylene tubing. 
 
3.1.1.4   Grooved Mechanical Joints 
 
Grooves shall be prepared according to the coupling manufacturer's instructions.  Grooved fittings, 
couplings, and grooving tools shall be the products of the same manufacturer.  Pipe and groove 
dimensions shall comply with the tolerances specified by the coupling manufacturer.  The diameter of 
grooves made in the field shall be measured using a "go/no-go" gauge, vernier or dial caliper, narrow-land 
micrometer, or other method specifically approved by the coupling manufacturer for the intended 
application.  Groove width and dimension of groove from end of pipe shall be measured and recorded. 
 
3.1.2   Sequences of Operation 
 
The subcontractor shall study the operation and sequence of local equipment controls, as a part of the 
conditions report, and note any deviations from the described sequences of operation on the contract 
drawings.  The subcontractor shall make necessary adjustments to make the equipment operate in an 
optimum manner and shall fully document changes made. 
 
3.2   INSTALLATION OF EQUIPMENT 
 
The subcontractor shall install equipment as specified, as shown and as required in the manufacturer's 
instructions for a complete and fully operational control system. 
 
3.2.1   Control Panels 
 
Control panels shall be located as indicated on the drawings.  Devices located in the control panels shall 
be as shown on the drawings or as needed to provide the indicated control sequences. 
 
3.2.2   Flow Measuring Device 
 
Fluid flow instruments shall be installed in accordance with ASME FED, unless otherwise indicated in 
the specification.  The minimum straight unobstructed piping for the flowmeter installation shall be 10.0 
pipe diameters upstream and 5.0 pipe diameters downstream.  Meters for gases and vapors shall be 
installed in vertical piping, and meters for liquids shall be installed in horizontal piping, unless otherwise 
recommended by the manufacturer or indicated in the specifications. 
 
 
 

G-80



  

13405-31 

3.2.2.1   Flow Nozzle 
 
Flow nozzles flanges shall be installed so that the pressure taps are in a horizontal plane with the 
centerline of the pipe.  Flow nozzles shall be installed for ease of accessibility for periodic maintenance.  
Differential pressure sensors shall be installed as close to the flow nozzle as possible. 
 
3.2.2.2   Flow Switch 
 
Flow switches shall be installed in such a manner as to minimize disturbance of the flow of fluid while 
maintaining reliable operation of the switch. 
 
3.2.2.3   Magnetic Flowmeter 
 
Meter shall be installed in vertical piping so that the flow tube remains full of the process fluid under all 
operating conditions.  A minimum of five pipe diameters straight run upstream of the flowmeter and two 
pipe diameters straight run downstream of the flowmeter shall be provided. 
 
3.2.2.4   Natural Gas or Propane Flowmeter 
 
Meters shall be installed in accordance with ASME B31.8.  Permanent gas meters shall be installed with 
provisions for isolation and removal for calibration and maintenance, and shall be suitable for operation in 
conjunction with an energy monitoring and control system. 
 
3.2.2.5   Orifice Plates 
 
Orifice plates shall be installed for ease of accessibility for periodic maintenance.  Differential pressure 
sensors shall be as close to the orifice plates as possible.  Orifice plates for liquid measurement shall be 
located in horizontal pipe runs with the orifice plate flanges installed so that the pressure taps are in the 
horizontal plane with the centerline of the pipe.  For liquid, the differential pressure transmitter shall be 
installed below the orifice taps.  For gas measurement, the orifice plate flanges shall be installed so that 
the pressure taps are 45° or more above the horizontal plane with the centerline of the pipe.  For gas 
measurement the required differential pressure transmitter shall be physically installed above the orifice 
taps. 
 
3.2.2.6   Paddle Flowmeter 
 
Meter shall be installed using manufacturer's published procedures.   Installers shall be trained for such 
installations in the pipes encountered.  Subcontractor shall provide certificates demonstrating installer's 
qualifications. 
 
3.2.2.7   Annular Pitot Tubes 
 
Annular pitot tubes shall be installed so that the total head pressure ports are set-in-line with the pipe axis 
upstream and the static port facing downstream.  The total head pressure ports shall extend diametrically 
across the entire pipe.  Annular pitot tubes shall not be used where the flow is pulsating or where pipe 
vibration is allowed. 
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3.2.2.8   Positive Displacement Flow Meters 
 
Flow meters shall be installed horizontally, and aligned correctly in the direction of flow. 
 
3.2.2.9   Turbine Meters 
 
Turbine meters shall be installed so that the sensor is located in the center of the fluid flow pipe on the 
main axis.  The minimum straight unobstructed piping for the flow meter installation shall be 10 pipe 
diameters upstream and 5 pipe diameters downstream. 
 
3.2.2.10   Insertion Turbine Flowmeters 
 
Turbine meters shall be installed without interruption to service.  The Subcontractor shall install a welded 
flanged riser of appropriate pipe line rating, with a full opening valve bolted to it.  Sensor shall be located 
in accordance with the manufacturer's instructions for the specified flow rates and installation conditions.  
Reduced diameter pipe sections shall be provided as necessary to achieve required flow velocities.  
Meters shall be installed using the hot-tap method with tools recommended by the manufacturer.  The 
minimum straight unobstructed piping for the flow meter installation shall be 10 pipe diameters upstream 
and 5 pipe diameters downstream. 
 
3.2.2.11   Ultrasonic Flowmeter 
 
Meter shall be installed using manufacturer's published procedures for installation.  Installers shall be 
trained for such installations in the pipes encountered.  Subcontractor shall provide certificates 
demonstrating installer's qualifications. 
 
3.2.2.12   Variable Area Flowmeter 
 
Meters shall be installed in a vertical piping section with full flow through the meter. 
 
3.2.2.13   Venturi Flowmeter 
 
The flowmeter shall be installed with its top above the pipeline in horizontal pipe run installations.  The 
direction of flow shall be upward in vertical pipe run installations.  The flowmeter shall be aligned to the 
direction of the flow and shall be rigidly mounted and vibration free.  The minimum straight unobstructed 
piping for the flow meter installation shall be 10 pipe diameters upstream and 5 pipe diameters 
downstream. 
 
3.2.2.14   Vortex Shedding Flowmeters 
 
The flowmeter shall be installed with its top above the pipeline in horizontal pipe run installations.  The 
direction of flow shall be upward in vertical pipe run installations.  The flowmeter shall be aligned to the 
direction of the flow and shall be rigidly mounted and vibration free.  The minimum straight unobstructed 
piping for the flow meter installation shall be 10 pipe diameters upstream and 5 pipe diameters 
downstream. 
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3.2.3   Level Instruments 
 
3.2.3.1   Liquid Level Sensor (Bubble Type) 
 
The air pressure regulating valve, air filter, moisture trap, air flow adjustment valve, level gauge, air 
isolation valve and pressure transducer shall be mounted on a panel where indicated on the drawings.  The 
level gauge shall be labeled to identify the tank being measured.  The isolation valve shall be located in 
the air supply line upstream of the moisture trap, air filter and pressure regulator.  The air inlet line to the 
dip tube and the dip tube shall be mounted to a flange at the top of the tank.   The dip tube shall extend to 
the bottom of the tank, leaving the manufacturer's recommended clearance between the dip tube and tank 
bottom.   The dip tube material shall be compatible with the tank contents.  The pressure regulating valve 
shall be adjusted to the outlet pressure recommended by the manufacturer.  Where exposed, the air supply 
line to the tank and from the tank to the level gauge and pressure transducer shall be protected from 
damage. 
 
3.2.3.2   Capacitance Liquid Level Sensors 
 
The sensing probes shall be located close to, and parallel with, the tank or sump wall. 
 
3.2.3.3   Conductivity Switch 
 
Level switches shall be installed vertically and in accordance with the manufacturer's instructions.  
Switches shall be accessible for maintenance and calibration.  In applications where switches cannot be 
directly mounted to a tank by the threaded or flanged connection, a mounting bracket shall be provided 
for connection to the inside tank wall, maintaining the minimum recommended distance from the tank fill 
opening. 
 
3.2.3.4   Displacement Type Liquid Level Switch 
 
Level switches shall be installed in accordance with the manufacturer's instructions.  Switches shall be 
accessible for maintenance and calibration.  In applications where switches cannot be directly mounted to 
a tank by the threaded or flanged connection, a mounting bracket shall be provided for connection to the 
inside tank wall. 
 
3.2.3.5   Float Switches 
 
Switches shall be mounted in accordance with manufacturer's published instructions.  Procedures shall be 
those used for equipment in hazardous locations. 
 
3.2.3.6   Ultrasonic Sensor 
 
Sensor shall be installed vertically in the top of the tank and in accordance with the manufacturer's 
instructions.  Switches shall be accessible for maintenance and calibration.  In applications where 
switches cannot be directly mounted to a tank by the threaded or flanged connection, a mounting bracket 
shall be provided for connection to the inside tank wall.  Sensor shall be positioned to maximize the 
return echo signal and minimize vessel obstructions in the sensors line of sight.  The minimum 
recommended distance from the tank fill opening and from the side of the tank shall be maintained. 
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3.2.4   Pressure Instruments 
 
Pressure sensors and pressure transducers shall be verified by calibration.  All pressure taps shall 
incorporate appropriate snubbers.  Pressure sensors and pressure switches shall have valves for isolation, 
venting, and taps for calibration.  Pressure switches and pressure transducers installed on liquid or steam 
lines shall have drains.  Pressure transducers, differential pressure sensors and differential pressure 
switches shall have nulling valves.  Pressure switches shall be adjusted to the proper setpoint and shall be 
verified by calibration.  Switch contact ratings and duty shall be selected for the application. 
 
3.2.5   Temperature Instrument Installation 
 
3.2.5.1   RTD 
 
RTD shall be installed in a thermowell.  Thermowells shall be filled with conductive heat transfer fluid 
prior to installation of the RTD in the thermowell.  RTDs used for space temperature sensing shall include 
a housing suitable for wall mounting.  RTDs used for outside air sensing shall have an instrument shelter 
or sun shield as shown to minimize solar effects, and shall be mounted to minimize building effects.   
RTD assemblies shall be readily accessible and installed to allow easy replacement. 
 
3.2.5.2   Temperature Switches 
 
Temperature switches shall be installed as specified for RTDs.  Temperature switches shall be adjusted to 
the proper setpoint and shall be verified by calibration.  Switch contact ratings and duty shall be selected 
for the application. 
 
3.2.5.3   Thermometers and Temperature Sensing Elements 
 
Thermometers and temperature sensing elements installed in liquid systems shall be installed in 
thermowells. 
 
3.2.5.4   Thermocouples 
 
Each thermocouple shall be installed in a protective tube or in a thermowell.  Thermocouples shall be 
insulated from ambient temperature effects.  Thermocouple wires shall not be installed in the same 
conduits as power wiring.  Thermocouples shall not be used for measuring temperatures below 260° C 
(500° F).  Type E thermocouples may be used when the atmosphere is chemically reducing environment.  
Type K thermocouples may be used when the atmosphere is a chemically oxidizing environment. 
 
3.2.7   Instrument Shelters 
 
Instrument shelters shall be installed in the location shown with the bottom 1.2 meter (4.0 feet) above the 
supporting surface using legs and secured rigidly to minimize vibrations from winds.  Instrument shelters 
shall be oriented with door facing North.  Instruments located in shelters shall be mounted in the 3-
dimensional center of the open space of the shelter. 
 
3.2.8   Electric Power Devices 
 
3.2.8.1   Potential and Current Transformers 
 
The Subcontractor shall install potential and current transformers in enclosures unless otherwise shown.  
Current transformer leads shall be shorted when they are not connected to the measurement circuits. 
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3.2.8.2   Hour Meters 
 
Meters shall be located in the control panel or as otherwise shown.  Power to the meter shall be connected 
to the motor starter auxiliary contacts for pumps, blowers and other motor driven devices.  For devices 
without motor starters, the meter shall be connected in parallel with the load.  Where the meter voltage 
differs from the metered devices voltage, transformer shall be provided as necessary. 
 
3.2.8.3   Watt-hour Meters 
 
The Subcontractor shall install watt-hour meters and transducers in enclosures unless otherwise shown. 
 
3.2.8.4   Transducers 
 
Transducers shall be wired in accordance with the manufacturer's instructions, and installed in enclosures. 
 
3.2.8.5   Current Sensing Relays and Current Transducers for Motors 
 
When used to sense meter/fan/pump status, current sensing relays shall be used for applications under 4 
kW (5 hp).  Applications over 4 kW (5 hp) shall use a current transducer. 
 
3.2.9   Output Devices 
 
Output devices (transducers, relays, contactors, or other devices) which are not an integral part of the 
control panel shall be mounted in an enclosure mounted adjacent to the control panel, unless otherwise 
shown.  Where H-O-A and/or override switches on the drawings or required by the control sequence, the 
switches shall be installed so that the control system controls the function through the automatic position 
and other controls work through the hand position. 
 
3.2.10   Enclosures 
 
All enclosure penetrations shall be from the bottom of the enclosure, and shall be sealed to preclude entry 
of water using a silicone rubber sealant. 
 
3.2.11   Transformers 
 
Transformers for control voltages below 120 vAC shall be fed from the nearest power panel or motor 
control center, using circuits provided for the purpose.  The Subcontractor shall provide a disconnect 
switch on the primary side and a fuse on the secondary side.  Transformers shall be enclosed in a steel 
cabinet with conduit connections. 
 
3.3   WIRE, CABLE AND CONNECTING HARDWARE 
 
3.3.1   LAN Cables and Connecting Hardware 
 
LAN cables and connecting hardware shall be installed in accordance with Section 27 10 00 BUILDING 
TELECOMMUNICATIONS CABLING SYSTEM and Section 33 82 00 TELECOMMUNICATIONS 
OUTSIDE PLANT (OSP). 
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3.3.2   Metering and Sensor Wiring 
 
Metering and sensor wiring shall be installed in accordance with the requirements of ANSI C12.1, NFPA 
70, Section 33 70 02.00 10 ELECTRICAL DISTRIBUTION, UNDERGROUND and Section 26 20 00 
INTERIOR DISTRIBUTION SYSTEM. 
 
3.3.2.1   Power Line Surge Protection 
 
Control panels shall be protected from power line surges.  Protection shall meet the requirements of IEEE 
C62.41.  Fuses shall not be used for surge protection. 
 
3.3.2.2   Sensor and Control Wiring Surge Protection 
 
Digital and analog inputs shall be protected against surges induced on control and sensor wiring.  Digital 
and analog outputs shall be protected against surges induced on control and sensor wiring installed 
outdoors and as shown.  Fuses shall not be used for surge protection.  The inputs and outputs shall be 
tested in both the normal and common mode using the following two waveforms:  The first waveform 
shall be 10 microseconds by 1000 microseconds with a peak voltage of 1500 volts and a peak current of 
60 amperes.  The second waveform shall be 8 microseconds by 20 microseconds with a peak voltage of 
1000 volts and a peak current of 500 amperes. 
 
3.4   SOFTWARE INSTALLATION 
 
The subcontractor shall load software required for an operational control system, including databases (for 
points specified and shown), operational parameters, and system, command, and application programs.  
The Subcontractor shall adjust, tune, debug, and commission all software and parameters for controlled 
systems to assure proper operation in accordance with the sequences of operation and database tables. 
 
3.5   FIELD TESTING AND ADJUSTING EQUIPMENT 
 
The Subcontractor shall provide personnel, equipment, instrumentation, and supplies necessary to 
perform site testing.  The Government will witness the PVT, and written permission shall be obtained 
from the Government before proceeding with the testing.  Original copies of data produced, including 
results of each test procedure, during PVT shall be turned over to the Government at the conclusion of 
each phase of testing prior to Government approval of the test.  The test procedures shall cover actual 
equipment and functions specified for the project. 
 
3.5.1   Testing, Adjusting and Commissioning 
 
After successful completion of the factory test as specified, the Subcontractor will be authorized to 
proceed with the installation of the system equipment, hardware, and software.  Once the installation has 
been completed, the Subcontractor shall test, adjust, and commission each control loop and system in 
accordance with NIST SP 250 and shall verify proper operation of each item in the sequences of 
operation, including hardware and software.  The Subcontractor shall calibrate field equipment, including 
control devices, adjust control parameters and logic (virtual) points including control loop setpoints, gain 
constants, constraints, and verify data communications before the system is placed online.  Ground rods 
installed by the Subcontractor shall be tested as specified in IEEE Std 142.  The Subcontractor shall 
calibrate each instrumentation device connected to the control system control network by making a 
comparison between the reading at the device and the display at the workstation, using a standard at least 
twice as accurate as the device to be calibrated.  The Subcontractor shall check each control point within 
the control system control network by making a comparison between the control command at the central 
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station and field-controlled device.  The Subcontractor shall deliver trend logs/graphs of all points 
showing to the Government that stable control has been achieved.  Points on common systems shall be 
trended simultaneously.  The Subcontractor shall verify operation of systems in the specified failure 
modes upon Control system network failure or loss of power, and verify that systems return to control 
system control automatically upon a resumption of control system network operation or return of power.  
The Subcontractor shall deliver a report describing results of functional tests, diagnostics, calibrations and 
commissioning procedures including written certification to the Government that the installed complete 
system has been calibrated, tested, adjusted and commissioned and is ready to begin the PVT.  The report 
shall also include a copy of the approved PVT procedure. 
 
3.5.2   Performance Verification Test (PVT) 
 
The Subcontractor shall prepare test procedures for the PVT.  The test procedure shall describe all tests to 
be performed and other pertinent information such as specialized test equipment required and the length 
of the PVT.  The test procedures shall explain, in detail, step-by-step actions and the expected results, to 
demonstrate compliance with all the requirements of the drawings and this specification.  The test 
procedure shall be site specific and based on the inputs and outputs, required calculated points and the 
sequence of control.  The Subcontractor shall demonstrate that the completed Control system complies 
with the contract requirements. All physical and functional requirements of the project including 
communication requirements shall be demonstrated and shown.  The Subcontractor shall demonstrate that 
each system operates as required in the sequence of operation.  The PVT as specified shall not be started 
until after receipt by the Subcontractor of written permission by the Government, based on the 
Subcontractor's written report including certification of successful completion of testing, adjusting and 
commissioning as specified, and upon successful completion of training as specified.  Upon successful 
completion of the PVT, the Subcontractor shall deliver test reports and other documentation as specified 
to the Government. 
 
3.6   MANUFACTURER'S FIELD SERVICES 
 
The Subcontractor shall obtain the services of a manufacturer's representative experienced in the 
installation, adjustment, and operation of the equipment specified.  The representative shall supervise the 
installing, adjusting, and testing of the equipment. 
 
 

END OF SECTION  
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 SECTION 15050 
 
 PIPING SYSTEMS 
 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES:  Fabrication and installation requirements for piping systems. 
 
1.02 RELATED SECTIONS 
 
A. Section 02225, Trenching. 

 
B. Section 18100, General Welding Requirements. 

 
1.03 REFERENCES 

 
A. ANSI B1.20.1-83, Pipe Threads, General Purpose (Inch) (R 1992) 

 
B. ASME B31.3-95c, Chemical Plant and Petroleum Refinery Piping.   

 
C. ASTM B32-94, Standard Specification for Solder Metal.   

 
D. ASTM B828-92, Standard Practice for Making Capillary Joints by Soldering of Copper and Copper 

Alloy Tube Fittings. 
 
1.04 DEFINITIONS 
 
A. Pressure-Relief Valve:  pressure-relieving device designed to reclose after normal conditions have been 

restored to prevent further flow of fluid. 
 
B. Safety Valve:  pressure-relief valve actuated by inlet static pressure and characterized by 

rapid-opening/pop-action. 
 
C. Relief Valve:  pressure-relief valve actuated by inlet static pressure and characterized by opening in 

proportion to increases in inlet static pressure. 
 
D. Safety-Relief Valve: pressure-relief valve characterized by rapid-opening/pop-action or by opening in 

proportion to increases in inlet static pressure, depending on application. 
 
E. Non-closing Pressure-Relief Device:  pressure-relieving device designed to remain open after operation 

(e.g., rupture discs, fuse plugs, etc.). 
 
1.05 PERFORMANCE REQUIREMENTS 
 
A. Acceptance of piping systems and associated equipment is contingent upon proper execution of specified 

tests and acceptable test results. 
 
B. Acceptance of equipment is contingent upon equipment satisfactorily performing its specified function. 
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1.06 SUBMITTALS FOR INFORMATION 
 
A. Red-lined copies of design drawings that indicate changes made from routing shown on design drawings. 

 
B. Test reports for piping systems and associated equipment. 
 
1.07 DELIVERY, STORAGE, AND HANDLING 
 
A. Deliver piping and valves to site in clean and protected condition. 

 
B. Maintain end seals and flange covers in place.  Remove seals and covers only for cleaning, fabrication, 

erection, or inspection. 
 
C. Exercise care in handling and storage of materials and pre-fabrications to ensure that contamination by 

foreign material does not occur. 
 
D. Reinstall end seals or covers on partially erected systems to prevent contamination by foreign material. 
 
 
PART 2 - PRODUCT 
 
2.01 FABRICATION 
 
A. Code Requirements 
 

1. Fabricate piping systems specified in Division 15 per Normal Fluid Service requirements of 
ASME B31.3 except where otherwise specified. 

 
2. Additional and alternate fabrication requirements are specified in individual system sections of 

these specifications. 
 
B. Cutting 
 

1. Cut pipe and tubing accurately with pipe or tube cutters. 
 

2. Ream cuts to remove burrs. 
 

3. Remove defects by machining, chipping, or grinding. 
 

C. Off-Site Fabrication:  Perform off-site fabrication in compliance with on-site fabrication requirements. 
 
2.02 SOURCE QUALITY CONTROL 
 
A. Shop-Fabricated Piping Tolerance:  ±1/8-inch maximum on overall dimensions. 
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PART 3 - EXECUTION 
 
3.01 INSTALLATION 
 
A. General 
 

1. Follow piping route where shown on drawings.  Field determined pipe routing to be approved by 
Field Engineer.  Record as-built conditions and changes required to suit field conditions on 
drawings. 

 
2. When joining dissimilar materials, provide nonconducting dielectric connections. 

 
3. Provide clearance for installation of insulation and access to valves, flanges, and unions. 

 
4. Provide access where valves, flanges, and unions are not exposed. 

 
5. Install piping to conserve building space and not interfere with use of space. 

 
6. Group piping at common elevations. 

 
7. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 

equipment. 
 

8. Work pipe carefully into place.  Do not force or spring pipe into place unless cold springing is 
required. 

 
9. Provide piping connections to equipment with flanges or unions. 

 
10. Install specialties per manufacturer's instructions. 

 
B. Underground Piping 
 

1. Follow route shown on drawings for underground lines.  Verify that excavations are to required 
grade, dry, and not over-excavated. 

 
2. Maintain a 1-foot clearance between pipe surfaces at points where lines being installed cross 

existing lines. 
 

3. Encase in concrete potable water lines that cross under creeks and/or cross or pass within 10 feet of 
sanitary, chemical, radioactive liquid-waste lines, or other hazardous services. 

 
4. Trenching:  Section 02225. 

 
5. Clean ditch of debris and other foreign matter immediately before pipe is lowered into ditch.  Where 

ditch is in rock, gravel, or like material, pad by filling with sand to form a cushion on  bottom of 
ditch before pipe is lowered into ditch. 

 
6. Allow coating to harden before lowering coated pipe into ditch.  Lower pipe into ditch without 

placing strain on pipe.  Center pipe in ditch. 
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7. Use only approved equipment to handle and lay pipe.  Do not use chain or wire-rope slings. 
 

8. Before back-filling, inspect line to ensure that it lies evenly on bottom of ditch and that no debris is 
present, and that joints are not covered until tests are completed. 

 
9. Protect coated piping during back-filling by hand placing selected earth free from rock and other 

injurious materials around pipe to a minimum depth of 12 inches above pipe top surface or by 
wrapping pipe with 1/4-inch minimum thickness coal tar-saturated fiber wrapping held in place with 
banding clamps. 

 
10. Install plastic pipe per manufacturer's installation instructions. 

 
11. Underground Piping Cathodic Protection 

 
a. Locate and install anodes, rectifiers, and connections to pipe as shown on drawings. 

 
b. Number, type, and depth to which anodes are to be installed on drawings. 

 
C. Pipe Sleeves 
 

1. Provide pipe sleeves that allow 1/4-inch annular clearance around pipe or insulation for piping 
passing through floors, walls, and ceilings. 

 
2. Provide pipe sleeves that allow 1/2-inch annular clearance around pipe or insulation for 

underground piping passing through walls. 
 

3. Install pipe sleeves flush with walls and ceilings. 
 

4. Provide pipe sleeves extending 3 inches above floor surface [except where specified otherwise]. 
 
D. Valves 
 

1. Pack and make leak-proof valves for test pressure specified. 
 

2. Disassemble, prior to heating, valves which are to be soldered, brazed, or welded.  Allow valves to 
cool, clean if necessary, and reassemble. 

 
3. Install globe valves with pressure under seat. 

 
4. Install valves with stems in upright or horizontal position. 

 
5. Provide manual shutoff valves to isolate equipment, parts of systems, or vertical risers. 

 
6. Provide manual control valves for throttling, bypass, or manual flow control. 

 
7. Provide check valves on discharge of pumps. 

 
8. In copper tube systems, provide brass male adapters on both sides of valves. 

 
9. Provide shutoff valves with unions downstream at equipment and fixture connections. 
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10. Provide shutoff valves for branch headers as close as practical to main header. 
 

E. Hangers  
 

1. Provide pipe hangers as specified in Section 15140 
 
3.02 JOINING METHODS 
 
A. Threaded Joints 
 

1. Threads:  ANSI B1.20.1. 
 

2. Thread pipe after bending, forging, or heat-treating operations.  Where threading must be performed 
first, protect threads during such operations. 

 
3. When threading chemically cleaned pipe, use nontoxic cutting fluid containing no rust retardants or 

oils.  After threading chemically cleaned pipe, immerse threaded end in solvent for minimum 
1 minute. 

 
4. Apply pipe joint compound to male threads only.   

 
5. Do not apply thread tape to first two threads of pipe. 

 
B. Soldered Joints 
 

1. Solder:  Solid-core wire type, ASTM B32 Alloy Grade Sb5. 
 

2. Flux:  Water soluble, chemically active at soldering temperature. 
 

3. Perform soldering activities per ASTM B828 and CDA 404/0R. 
 

4. Fillet soldered joints are not permitted. 
 
C. Flanged Joints 
 

1. Provide flat-face flanges and full-face gaskets where steel flanges mate with cast-iron flanged 
fittings, valves, or equipment. 

 
   2. Provide full-face gaskets between cast-iron flanges. 

 
3. Provide flat ring-type gaskets between steel flanges equipped with raised serrated faces [except 

where specified otherwise]. 
 

4. Prior to bolt-up, align flange faces to the design plane within 1/16-inch per foot (0.5%) measured 
across any diameter.  Align flange bolt holes to within 1/8-inch maximum offset. Assemble mating 
flanges flush and true. 

 
5. Center gaskets evenly between flange faces with ring gaskets engaging fully upon raised-face 

flanges. 
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6. Provide bolts that extend through nuts by minimum one full thread when made up.  Provide bolts of 
uniform length on a single flange. 

 
7. Coat bolt threads with high-temperature thread joint compound prior to installation. 

 
8. Tighten bolts uniformly to draw flanges evenly and firmly upon gasket.  Use standard industrial 

practice for bolt tightening. 
 
D. Hub-and-Plain-End Joints 
 

1. Clean internal surface of hub and external surface of pipe and/or fitting to be joined to be free of 
dirt, mud, gravel, or other foreign material. 

 
2. When using cut pipe, remove sharp edges by preening or lightly filing edge. 

 
3. Insert gasket into hub.  Ensure that retaining flange or collar of gasket is adjacent to face of hub. 

 
4. Commercial Lubricants:  Soap or adhesive type. 
 
5. Apply thin coat of commercial lubricant on inside of gasket only [unless pipe manufacturer 

recommends lubricating plain end of pipe or fitting]. 
 
6. Align pipes to be joined to design plane within 1/16-inch per foot (0.5%) measured across any 

diameter. 
 
7. Use manufacturer-recommended tools to install plain end of pipe or fitting into gasket.  Ensure that 

tools do not damage pipe. 
 
8. Store gaskets in undeformed condition away from excessive heat in a clean, dry area. 

 
9. Install hub-and-plain-end pipe with hub end upstream. 
 
10. Do not exceed deflections in hub-and-plain-end pipe shown in Table A. 

 
Table A.  Limiting factors, hub-and-plain-end pipe 

Maximum deflection in inches with pipe lengths of  
Nominal pipe size Joint opening 12 feet 18 feet 

    
3 0.43 14.8 22.2 
4 0.41 11.1 16.7 
6 0.58 11.1 16.7 
8 0.65 9.7 14.6 

10 0.75 9.3 14.0 
12 0.75 7.9 11.9 
14 0.75 6.7 10.1 
16 0.75 5.9 8.8 

 
Note:  Joint Opening not to exceed 0.75 inches. 
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E. Mechanical Joints 
 

1. Do not exceed deflections in mechanical joint pipe shown in Table B. 
 

Table B.  Limiting factors, mechanical joint pipe 
Maximum deflection in inches with pipe lengths of 

Nominal pipe size Bend in one joint angle 12 feet 18 feet 
    

3 8°-18 21 31 
4 8°-18 21 31 
6 7°-7 18 27 
8 5°-21 13 20 

10 5°-21 13 20 
12 5°-21 13 20 
14 3°-35 9 13½ 
16 3°-35 9 13½ 

 
2. Clean surfaces that contact rubber gaskets by wire brushing prior to assembly. 

 
3. Lubricate surfaces that contact gaskets with a solution of clean, soapy water. 

 
4. Install gland on spigot end of pipe followed with gasket. 

 
5. Bottom spigot end of pipe in socket and properly center to provide an annular space approximately 

equal around pipe circumference. 
 

6. Bring up gasket to flange of socket.  Maintain approximate uniform distance between gland and 
flange of pipe around socket. 

 
7. Insert bolts in properly spaced holes.  Hand tighten each nut. 

 
8. Use wrench sizes and torques in Table C to tighten nuts. 

 
Table C:  Wrenches and torque 

 
Pipe size 

(inch) 
Bolt diameter 

(inch) 
Wrench length 

(inch) 
Range of torque 

(ft-lb) 
    

3 5/8 8 40 to 60 
4 to 24 3/4 10 60 to 90 

 
9. Tighten bolts by drawing up on opposite pairs, beginning at bottom, then top, then sides,              
and lastly remaining bolts. 
 
10. Repeat cycle of tightening bolts until bolts are within allowable torque range. 
 
11. If effective sealing is not attained at maximum torque indicated, disassemble joint, thoroughly 

clean, and then reassemble. 
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12. Do not overstress bolts in order to affect a seal. 
 
F. Plastic Pipe Joints (not excluded by ASME B31.3, Paragraph 300.1.3) 
 

1. Bonding:  ASME B31.3, Paragraph A328. 
 

2. Bonding Procedure Qualifications:  ASME B31.3. 
 
3. Bonder Performance Qualifications: ASME B31.3. 
 
4. Inspector:  ASME B31.3, Paragraphs A328.2.2 and A328.2.3. 
 

G. Welded Joints 
 
1. Perform welding activities per Section 18100. 
 

H. Compression Joints  
 
1. Clean internal surface of fitting and external surface of piping to be free of foreign materials. 
 
2. When using cut pipe, remove sharp edges by preening or lightly filing edge. 
 
3. Slide compression nut onto pipe so that broad shoulder of compression nut faces away from end of 

pipe. 
 
4. Slip ferrules onto pipe. 
 
5. Press threaded body of compression fitting onto end of pipe. 
 
6. Screw compression nut onto fitting body. 
 
7. Tighten with one wrench on compression nut and one wrench on fitting body per manufacturer's 

instructions. 
 
8. Do not overstress in order to affect a seal. 
 

I. Flared Joints 
 

1. Clean internal surface of fitting and external surface of piping to be free of foreign materials. 
 
2. When using cut pipe, remove sharp edges by preening or lightly filing edge. 
 
3. Slide flare nut onto pipe so that tapered end of flared nut faces away from end of pipe. 
 
4. Clamp end of pipe into manufacturer's recommended flaring tool and screw ram into end of pipe.  

Remove flaring tool from pipe. 
 
5. Press tapered end of fitting body into flared end of pipe. 
 
6. Screw flared nut onto fitting body. 
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7. Tighten with one wrench on flared nut and one wrench on fitting body per manufacturer's 

instructions. 
 
8. Do not overstress in order to affect a seal. 

 
 
 END OF SECTION 
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SECTION 15073 
 
 PRESSURE/LEAK TESTING 
 
 
PART 1 - GENERAL  
 
1.01 SECTION INCLUDES:  pressure/leak testing of piping systems. 
 
1.02 REFERENCES  
 
A.  ANSI B31.3-93, Chemical Plant and Petroleum Refinery Piping. 

 
B.      Standard Plumbing Code, Southern Building Code Congress International Incorporated (1994). 

 
1.03 DEFINITIONS 
 
A.    Dry Oil-free Compressed Air (DCA):  compressed air, oil free, with -40 to -75° F dew point at 

atmospheric pressure. 
 
1.04 SUBMITTALS FOR APPROVAL 
 
A.      Test records for each piping system prepared during pressure/leak testing, indicating date of test, 

identification of piping system tested, test media, test pressure, and certification of results. 
 
1.05 QUALITY ASSURANCE 
 
A.    Prepare test records for each system during pressure/leak testing, including date of test, identification of 

piping system tested, test media, test pressure, and certification of results.  Individual test records need 
not be retained if certification that piping has satisfactorily passed pressure/leak testing is retained. 

 
1.06 SEQUENCING 
 
Perform testing after completion of installation. 
 
PART 2 - PRODUCTS 
 
2.01 TEST EQUIPMENT 
 
A.      Calibration Date:  maximum 12 months prior to test. 

 
B.      Use test equipment with label indicating serial number, calibration date, name of firm or laboratory 

performing calibration. 
 

C.      Contractor representative will examine test equipment prior to test.  Contractor representative may 
require that test equipment be submitted to Contractor for calibration check.  Test equipment failing 
calibration check must be submitted to an approved testing laboratory for proper calibration prior to 
use. 
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PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 
A. Examine system installation for compliance with drawings and specifications. 

 
B. Ensure pressure-relief valves have been inspected and set at required pressure by Contractor. 

 
C. Ensure that rupture discs have been properly installed. 

 
D. Examine system for leaks at valves, flanges, welds, connections, and joints. 

 
E. Examine piping system for defective, broken, or cracked piping and fittings. 
 
3.02 PREPARATION 
 
A.      Isolate or replace with spool pieces vessels, pumps, instruments, controls, safety valves, relief valves, 

and other equipment items rated for pressures below test pressure. 
 

B.  Provide temporary over pressurization protection devices between pressure source and test equipment.  
 

1.  For Class A - Pneumatic Test, set temporary over pressurization protection devices at test pressure 
plus lesser of 50 psi or 10% of test pressure.   

 
2.     For Class B - Hydrostatic Test, set temporary over pressurization protection devices at 130% of 

test pressure.   
 
C. Disconnect or isolate by blinds or other means equipment that is not to be tested.  Valves may be used 

provided valves are rated for test pressures.  
 
D. Maintain joints, including welds and bonds, uninsulated and exposed for examination during testing.  

Joints previously tested may be insulated or covered. 
 
E. Provide additional temporary supports as necessary to support test media when weight of test media 

exceeds weight of design system fluid. 
 
F. Clear test area of personnel not involved with pneumatic testing. 
 
3.03 REPAIR/RESTORATION 
 
A.      Repair leaks and retest repaired joints until test requirements have been satisfied. 
 
3.04 CLASS A - PNEUMATIC TEST  
 
A.     Test Pressure 
 

1. For piping 6 in. and smaller, use test pressure that is 110% of design pressure or 50 psig, 
whichever is greater.   
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2. For piping 8 in. and larger with design pressures of 45 psig and less, use test pressure that is 110% 
of design pressure but in no case greater than 50 psig.   

 
3. For piping 8 in. and larger with design pressures greater than 45 psig, hydrostatically test piping 
per         Class B test procedures.  

 
B. Preliminary Leak Test Procedure  
 

1. Gradually pressurize piping system to 25 psig. 
 

2. Maintain 25 psig pressure for a minimum of 10 minutes. 
 

3. Visually examine valves, flanges, welds, joints, and connections for major leaks. 
 

C.     Final Leak Test Procedure (test pressures of 50 psig and less) 
 

1. Gradually pressurize piping system to test pressure. 
 

2. Maintain test pressure for a minimum of 10 minutes. 
 

3. Soap test welds, joints, and connections while system is at test pressure. 
 

4. Depressurize system. 
 

D.    Final Leak Test Procedure (test pressures exceeding 50 psig)   
 

1. Gradually pressurize system to 50% of test pressure. 
 

2. Increase pressure in steps of 10% of test pressure until test pressure is reached. 
 

3. Maintain test pressure for a minimum of 10 minutes. 
 

4. Reduce pressure to design pressure. 
 

5. Soap test welds, joints, and connections while system is at design pressure. 
 

6. Depressurize system. 
 
E. Reconnect instruments and equipment and retest connections at maximum operating pressure. 

 
F. Acceptance Criteria:  No continuous bubble formation is allowed.  

 
G. Test Media:   Table 1 lists test media for Class A tests. 

 
Table 1 

Service Test media 
Plant Air DCA 
Instrument Air DCA or Nitrogen 
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3.05 CLASS B - HYDROSTATIC TEST  
 
A.      Special Requirements for Potable Water Systems 
 

1. Test systems conveying potable water with dedicated and controlled test equipment that is used 
only on systems conveying potable water. 

 
2. Equipment includes pumps, pressure gages, hoses, pipes, caps, and other test equipment that 

contacts potable water. 
 
B.     Test Pressure:  150% of design pressure or 50 psig, whichever is greater. 

 
C.     Test Procedure 

 
1. Pressurize system to test pressure. 

 
2. Maintain test pressure for minimum 10 minutes. 

 
3. Examine valves, flanges, welds, joints, and connections for leaks. 

 
4. Drain test media from system. 

 
5. Reconnect instruments and equipment. 

 
6. Refill system with test media, pressurize to maximum operating pressure, and examine valves, 

flanges, welds, joints, and connections for leaks. 
 
D.      Acceptance Criteria:  No leakage is permitted at welds, brazed joints, soldered joints, compression 

fittings, or threaded joints.  No leakage is acceptable at valves and gaskets unless specified otherwise.   
 
E.      Test Media:  Table 2 lists test media for Class B tests. 
 

Table 2 
Service Test media 
Steam and Condensate 0-150 Potable Water 
Steam and Condensate 150-250 Potable Water 
Above Ground Potable and Safety Shower Water Potable Water 
Cooling Water Potable Water 
Potable and Process Water Potable Water 
Raw and Cooling Tower Water Potable Water 

 
 
3.06 CLASS C - WATER TEST (DRAIN) 
 
A. Chemical Drains  
 

1. Subject drain to 20 ft of water. 
 

2. Examine joints and connections for leaks. 
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B.      Building Drain and Vent Systems   
 

1. Test per Standard Plumbing Code.  
 

2. Perform either smoke or peppermint final test. 
 

C.     Building Sewer:  Test per Standard Plumbing Code. 
 

D.    Test Media:  Table 3 lists test media for Class C tests. 
 

Table 3 
Service Test medium 
Storm and Sanitary Drains  Potable Water 
Chemical Drains  Potable Water 

 
3.07 TEST PRESSURE TOLERANCE 
 
A.      Use test pressure tolerance of +5 psig and -0 psig. 

 
 END OF SECTION 
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 SECTION 15074 
 
 IDENTIFICATION AND LABELING 
 
 
PART 1 - GENERAL 
 
1.01 SECTION INCLUDES:  Identification and labeling of piping systems. 
 
1.02 REFERENCES 
 
A.    ANSI A13.1-81, Scheme for Identification of Piping Systems (R 1985). 

 
B.      NEMA Z535.1-91, Safety Color Code. 
 
1.03 DEFINITIONS 
 
A.    Exposed Piping:  Piping which is normally visible or may be visible after removal of covers or panels 

designed to provide access for inspection or maintenance. 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
A.      Labels and Banding Materials:  Weather-resistant, service rating for outdoor service, -20°F (-28°C) to 

220°F (104°C) service temperature range, compatible with specified operating environment, low-halide 
content (for stainless steel application only). 

 
2.02 LABEL FABRICATION 
 
A. Fabricate labels with label format per ANSI A13.1. 

 
B. Fabricate labels with background and letter colors per NEMA Z535.1. 

 
C. Fabricate labels of type compatible with operational and service conditions. 

 
D. Fabricate adhesive film labels with one or more adhesive-backed layers. 

 
E.      Fabricate labels with text letter heights per NEMA Z535.1 as follows: 
 

Pipe or covering outside diameter (in.) Letter height (in.) 
 

Up to 1/2     1/2  
1/2 to 2     3/4  
2 1/2 to 6   1 1/4  
8 to 10   2 1/2  
10 and up  3 1/2  

 
F.     Fabricate flow direction labels of same background color as system labels. 
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G.     Supplemental Labels 
 

1. Fabricate supplemental pressure and temperature labels of same background color, letter color, and 
letter height as system labels. 

 
2. Fabricate supplemental pressure labels to numerically indicate line operating pressure and end 

with letters PSIG. 
 

3. Fabricate supplemental temperature labels numerically indicate normal operating temperature and 
end with symbol °F. 

 
 
PART 3 - EXECUTION 
 
3.01 LABEL INSTALLATION 
 
A. Provide labels on straight sections of pipelines inside buildings at maximum intervals of 40 ft. 

 
B. Provide labels on straight sections of pipelines outside buildings at maximum intervals of 100 ft. 

 
C. Provide labels on branch lines not more than 5 ft from main header. 

 
D. Provide labels on lines that penetrate walls or floors on each side of penetration not more than 5 ft from 

penetration. 
 

E. Provide labels on banks of piping in a row, side by side, for ease of reference. 
 

F. Provide labels with label format per ANSI A13.1. 
 

G. Provide labels with approved piping label attributes as coordinated between Operating and Engineering 
Divisions. 

 
H. Provide labels with background colors, letter colors, and letter heights per NEMA Z535.1. 

 
I. Provide labels of type compatible with operational and service conditions. 
 

1. On bare pipe, provide manufacturer's standard adhesive film labels or band-on labels.  Stenciling 
may be used on services approved by Contractor. 

 
2. On insulated pipe, provide thin adhesive film labels, snap-on labels, or band-on labels. 

 
J. Provide flow direction labels adjacent to system label to indicate the direction of flow. 

 
K. Supplemental Labels 

 
1. Provide supplemental pressure labels on gaseous service piping.  Provide supplemental pressure 

lables on liquid service piping operating at 100 psig or greater. 
 

2. Provide supplemental temperature labels on service piping operating at 120° F or greater. 
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L. If available, use portable labeling system with a single label displaying required information. 
 
3.02 LABEL APPLICATION 
 
A. Ensure that surface to be labeled is free of scale, dirt, dust, grease, and moisture.  Ensure that mastic 

coatings on insulated lines are completely dry before applying labels. 
 
B. Firmly press label in place.  Rub thoroughly, particularly along edges, until adhesive bonds. 
 
C. Apply banding tape or flow-arrow tape over abutting edges of adhesive labels when multiple labels are 

required for supplemental information. 
 
D. For fire protection water piping, apply labels to piping in aboveground, concealed areas only. 
 
 END OF SECTION 
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SECTION 15081 
 

EXTERIOR PIPING INSULATION 
 
 
PART 1   GENERAL 
 
1.1   REFERENCES 
 
The publications listed below form a part of this specification to the extent referenced.  The publications 
are referred to within the text by the basic designation only. 
 
ASTM INTERNATIONAL (ASTM) 
 

ASTM A 167 (2004) Stainless and Heat-Resisting Chromium-Nickel Steel 
Plate, Sheet, and Strip 

 
ASTM A 240/A 240M (2004ae1) Chromium and Chromium-Nickel Stainless Steel 

Plate, Sheet, and Strip for Pressure Vessels for General 
Applications 

 
ASTM B 209 (2004) Aluminum and Aluminum-Alloy Sheet and Plate 

 
ASTM B 209M (2004) Aluminum and Aluminum-Alloy Sheet and Plate 

(Metric) 
 

ASTM C 533 (2004) Calcium Silicate Block and Pipe Thermal Insulation 
 

ASTM C 547 (2003) Mineral Fiber Pipe Insulation 
 

ASTM C 552 (2003) Cellular Glass Thermal Insulation 
 

ASTM C 59/C 59M1 (2001) Unfaced Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation 

 
ASTM D 226 (2005) Asphalt-Saturated Organic Felt Used in Roofing and 

Waterproofing 
 
U.S. GENERAL SERVICES ADMINISTRATION (GSA) 
 

FED-STD-595 (Rev B; Am 1) Colors, Volume 1 
 
1.2   SYSTEM DESCRIPTION 
 
Provide field-applied insulation for exterior steam piping and existing insulated piping affected by and 
exterior condensate piping. 
 
1.3   SUBMITTALS 
 

1. Product Data for insulation and jacketing 
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2. Manufacturers’ installation manual for field-applied insulation 

 
PART 2   PRODUCTS 
 
2.1   PIPING INSULATION 
 
Products containing asbestos will not be permitted. 

 
2.1.1   Fibrous Glass Pipe Insulation 

 
ASTM C 547. 

 
2.1.2   Mineral Fiber Pipe Insulation 
 

ASTM C 547. 
 
2.1.3   Calcium Silicate Pipe Insulation 
 

ASTM C 533. 
 
2.1.4   Cellular Glass Pipe Insulation 
 

ASTM C 552. 
 
2.1.5   Polyurethane and Polyisocyanate Pipe Insulation 
 

ASTM C 59/C 59M1, minimum density of 27.20 kilograms per cubic meter (kg/cu m) (1.7 pcf). 
 
2.1.6   Mineral Fiber Pipe Wrap Insulation 
 

ASTM C 547 for material, minimum density of 36.80 kg/cu m( 2.3 pcf). 
 
2.2   MINIMUM THICKNESS OF INSULATION FOR STEAM PIPING 
 
2.2.1   Fibrous Glass Pipe Insulation 
 
    Nominal              Aboveground Piping        Piping in Trenches on Piers 
   Pipe Sizes           Insulation Thickness         Insulation Thickness 
      (mm)                       (mm)                          (mm) 
  ____________         ____________________     ___________________________ 
 
  less than 80                    88.90                         63.50 
  80 thru 100                    101.60                         76.20 
  125 thru 150                  114.30                         88.90 
  200 and larger                127.00                        101.60 
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    Nominal             Aboveground Piping        Piping in Trenches on Piers 
   Pipe Sizes           Insulation Thickness         Insulation Thickness 
    (Inches)                   (Inches)                      (Inches) 
  ____________         ____________________      ___________________________ 
 
less than 3                    3.5                            2.5 
3 thru 4                       4.0                            3.0 
5 thru 6                       4.5                            3.5 
8 and larger                   5.0                            4.0 
 
2.2.2   Mineral Fiber Pipe Insulation 
 
Mineral fiber pipe insulation having an insulating efficiency not less than that of the specified thickness of 
fibrous glass pipe insulation may be provided in lieu of fibrous glass pipe insulation. 
 
2.2.3   Calcium Silicate Pipe Insulation 
 
                            Piping in Tunnels        Piping Under Piers 
    Nominal               Piping in Manholes        (Not in Trenches) 
   Pipe Sizes            Insulation Thickness      Insulation Thickness 
      (mm)                       (mm)                       (mm) 
  ____________          ____________________     ____________________ 
 
  less than 80                               101.60                     127.00 
  80 thru 100                    114.30                     152.40 
  125 thru 150                  127.00                     177.80 
  200 and larger                152.40                     203.20 
 
 
                          Piping in Tunnels        Piping Under Piers 
    Nominal               Piping in Manholes        (Not in Trenches) 
   Pipe Sizes            Insulation Thickness      Insulation Thickness 
    (Inches)                    (Inches)                  (Inches) 
  ____________          ____________________     ____________________ 
 
  less than 3                      4.0                        5.0 
  3 thru 4                                   4.5                        6.0 
  5 thru 6                          5.0                        7.0 
  8 and larger                    6.0                        8.0 
 
2.2.4   Cellular Glass Pipe Insulation 
 
Cellular glass pipe insulation having an insulating efficiency not less than that of the specified thickness 
of calcium silicate pipe insulation may be provided in lieu of calcium silicate pipe insulation. 
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2.2.5   Mineral Fiber Pipe Wrap Insulation 
 
Mineral fiber pipe wrap insulation having an insulating efficiency not less than that of the specified 
thickness of fibrous glass pipe insulation may be provided in lieu of fibrous glass pipe insulation for pipe 
sizes 250 mm( 10 inches) and larger. 
 
2.3   MINIMUM THICKNESS OF INSULATION FOR PUMPED CONDENSATE RETURN 
PIPING 
 
Minimum thickness of insulation for pumped condensate return piping shall be as follows. 
 
2.3.1   Mineral Fiber Pipe Insulation 
 

Piping in Tunnels 
 

Nominal               Piping in Manholes       Aboveground Piping 
Pipe Sizes            Insulation Thickness      Insulation Thickness 

(mm)                         (mm)                      (mm) 
____________          ____________________     ____________________ 

 
    less than 80                              38.10                     63.50 
 80 thru 100                   50.80                     76.20 
 125 and larger               63.50                     88.90 
 
 

Piping in Tunnels 
 

Nominal               Piping in Manholes       Aboveground Piping 
Pipe Sizes            Insulation Thickness      Insulation Thickness 
(Inches)                         (Inches)                        (Inches) 

____________          ____________________     ____________________ 
 

  less than 3                    1.5                       2.5 
  3 thru 4                       2.0                        3.0 
  5 and larger                   2.5                       3.5 

 
2.3.2   Fiber Glass Pipe Insulation 
 
Fiber glass pipe insulation having an insulating efficiency not less than that of the specified thickness of 
mineral fiber pipe insulation may be provided in lieu of mineral fiber pipe insulation for aboveground 
piping. 
 
2.4   MINIMUM THICKNESS OF INSULATION FOR GRAVITY CONDENSATE (STEAM) 
PIPING 
 
Provide 25 mm (one inch) thick fibrous glass pipe insulation for aboveground piping.  Provide 25 mm      
(one inch) thick mineral fiber, calcium silicate, or cellular glass pipe insulation for piping in manholes and 
tunnels. 
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2.5   ALUMINUM JACKET 
 
ASTM B 209M(ASTM B 209), Temper H14, minimum thickness of  0.40 mm (0.016 inch), with factory-
applied polyethylene and kraft paper moisture barrier on inside surface.  Provide smooth surface jackets 
for jacket outside diameters less than 200 mm (8 inches).  Provide corrugated surface jackets for jacket 
outside diameters 200 mm (8 inches) and larger.  Provide stainless steel bands, minimum width of 13 mm 
(0.5 inch).  Provide factory prefabricated aluminum covers for insulation on fittings, valves, and flanges 
 
2.6   ASPHALT-SATURATED FELT 
 
ASTM D 226, without perforations, minimum weight of 0.49 kilograms per square meter (10 pounds per 
100 square feet). 
 
2.7   STAINLESS STEEL JACKET 
 
ASTM A 167 or ASTM A 240/A 240M; Type 304, minimum thickness of  0.25 mm( 0.010 inch), smooth 
surface with factory-applied polyethylene and kraft paper moisture barrier on inside surface.  Provide 
stainless steel bands, minimum width of 13 mm (0.5 inch).  Provide factory prefabricated stainless steel 
covers for insulation on fittings, valves, and flanges. 
 
PART 3 EXECUTION 
 
3.1   INSTALLATION 
 
Insulation shall be clean, dry, and installed prior to the application of insulation jacket.  Do not use short 
pieces of insulation and jacket materials where a full length section will fit.  Provide insulation materials 
and jackets with smooth and even surfaces, with jackets drawn tight, and secured on longitudinal and end 
laps.  Insulate fittings and piping accessories with premolded, precut, or field-fabricated pipe insulation of 
the same pipe insulation material and thickness as the adjoining pipe insulation.  Provide unions, flanges, 
valves, and piping accessories with removable (snap-on) sections of insulation.  Provide insulation 
continuous through pipe hangers and pipe supports.  Do not step on or walk on insulation or jacket. 

 
3.2   PIPING INSULATION 
 
3.2.1   Fibrous Glass Pipe Insulation 
 
Install in accordance with the manufacturer's recommendations. 
 
3.2.2   Mineral Fiber Pipe Insulation 
 
Install in accordance with the manufacturer's recommendations. 
 
3.2.3   Calcium Silicate Pipe Insulation 
 
Install in accordance with the manufacturer's recommendations, except as modified herein.  Secure with 
not less than 9.50 mm (0.375 inch) width fibrous glass reinforced waterproof tape or stainless steel bands 
spaced not more than 200 mm (8 inches) on centers.  Provide one layer of asphalt-saturated felt over the 
insulation prior to installing aluminum jacket.  Factory-applied polyethylene and kraft paper moisture 
barrier will not be permitted as a substitute for the asphalt-saturated felt. 
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3.2.4   Cellular Glass Pipe Insulation 
 
Install as specified for calcium silicate pipe insulation. 

 
3.2.5   Polyurethane and Polyisocyanate Pipe Insulation 
 
Install only on aboveground pumped condensate (hot water) return piping in accordance with the 
manufacturer's recommendations. 
 
3.2.6   Mineral Fiber Pipe Wrap Insulation 
 
Install in accordance with the manufacturer's recommendations. 
 
3.3   INSULATION JACKET 
 
Machine cut the jacket to produce a straight, smooth edge.  Lap longitudinal and circumferential seams 
not less than 50 mm (2 inches).  Install jackets on horizontal piping with the longitudinal seam 
approximately midway between horizontal centerline and the bottom side of pipe.  Install with the top 
edge of jacket overlapping the bottom edge of jacket and with the seam of each jacket offset from the 
seam of the adjacent jacket.  Install jackets on vertical piping and on piping pitched from the horizontal 
from low point to high point so that the lower circumferential edge of each jacket overlaps the jacket 
below it.  Provide factory prefabricated covers for insulation on fittings, valves, and flanges.  Finish 
jackets neatly at pipe hangers and pipe supports.  Terminate jackets neatly at the ends of unions, valves, 
traps, and strainers.  Secure jacket with stainless steel bands spaced not more than 200 mm (8 inches) on 
center. 
 
3.3.1   Additional Requirements for Insulated Piping Under Piers 
 
Provide one layer of asphalt-saturated felt over the insulation prior to installing stainless steel jacket. 
 
3.3.2   Under Pier Stainless Steel Jacket 
 
In addition to the above requirements for aluminum jackets, secure longitudinal and circumferential 
seams with stainless steel screws spaced not more than 100 mm (4 inches) on centers. At approximately 
every 6 linear meter (20 linear feet) of piping, lap the circumferential seams not less than 150 mm            
(6 inches); omit the screws. 
 
3.4   ASPHALT-SATURATED FELT 
 
Apply felt with longitudinal and circumferential seams lapped not less than 150 mm (6 inches). Secure 
with not less than 13 mm (0.5 inch) width stainless steel bands spaced not more than 200 mm (8 inches) 
on center. 

 
END OF SECTION  
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 SECTION 15100 
 
 VALVES  
 
 
PART 1 GENERAL 
 
1.01 SCOPE OF WORK 
 
A. Furnish all labor and material to install polyvinyl chloride (PVC) valves as shown on the piping 

and P&ID drawings and this section.      
  
1.02 RELATED WORK 
 
A. Process instruments and controls are included in Division 13.  However, if applicable, valve 

operators shall be mounted at the factory on the valves as specified herein, as part of the work of 
this Section. 

 
B. Electrical is included in Division 16. 
 
1.03 SUBMITTALS 
 
A. Drawings showing details of construction and dimensions. 
 
B.      Descriptive catalog information giving valve pressure and temperature ratings and all materials 

of construction.   
 

1.04 REFERENCE STANDARDS 
 
A. American Society for Testing and Materials (ASTM). 
 

1. ASTM D1784 - Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds 
and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds. 

 
2. ASTM F1970 –Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Valves  

 
4. ASTM D2564 - Standard Specification for Solvent Cements for Poly (Vinyl Chloride) 

(PVC) Plastic Piping Systems. 
 

5. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly (Vinyl 
Chloride) (PVC) Pipe and Fittings. 

 
1.05 QUALITY ASSURANCE 
 
A. Valves and appurtenances shall be products of well established firms who are fully experienced, 

minimum 3 years, reputable and qualified in the manufacture of the particular equipment to be 
furnished.  All units of the same type shall be the product of one manufacturer. 

 
B. The equipment shall be designed, constructed and installed in accordance with the best practices 

and methods and shall comply with this Section as applicable. 
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1.06 SYSTEM DESCRIPTION 
 
A.      All of the equipment and materials specified herein is intended to be standard for use in 

controlling the flow of groundwater, air and chemicals as noted on the Drawings. 
 
B.      Valves, appurtenances and miscellaneous items shall be installed as shown on the Drawings and        

as specified, so as to form complete workable systems. 
  
1.07 DELIVERY, STORAGE AND HANDLING 
 
A. All shipping crates and boxes shall be identified with the appropriate purchase order number and 

labeled with special handling instructions.  Net weight shall be shown. 
 
B. The equipment shall be shipped with suitable in transit protections. 

 
1.08 OPERATING INSTRUCTIONS 
 
A. Operating manuals covering instructions and maintenance sheets on each type of valve supplied 

shall be furnished with the equipment. 
 
PART 2 PRODUCTS 
 
2.01 MATERIALS AND EQUIPMENT - GENERAL 
 
A. Valves shall be of polyvinyl chloride (PVC) manufactured to ASTM F 1970 and constructed 

from PVC Type I, ASTM D-1784, Cell Classification 12454. 
 
B. Valves and appurtenances shall be of the size shown on the Drawings or as noted; and as far as 

possible, equipment of the same type shall be identical and from one manufacturer. 
 
C. Valves and appurtenances shall have the name of the maker, nominal size, flow directional 

arrows, working pressure for which they are designed and standard referenced, cast in raised 
letters or indelibly marked upon some appropriate part of the body. 

 
D. Unless otherwise noted, valves shall have a minimum working pressure greater than or equal to 

rated pressure of the connected pipe.    
 
E. Unless otherwise noted valves shall be True Union with socket ends. Flange adaptors shall be 

provided where connected to flanged equipment or valves.   
 
F. Unless other noted, valves and appurtenances shall be of the same nominal diameter as the pipe 

or fittings they are connected to. 
  
2.02 BALL VALVES 
 
A.    Ball valves shall be True Union buttress thread industrial valves.  Provide flange adapters where 

necessary for mate up to check valves or other flanged fittings. 
 
B. All PVC 1/2” through 3” ball valves shall be pressure rated at 235 psi non-shock water at 73 oF.  
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C. Ball valves shall be schedule 80 Full-Bore design.   
 
D. Ball valves shall have Viton O-ring double stem seals and fully serviceable with replaceable 

components. 
 
E. Ball valves shall have built-in handle lockout. 
 
F. Ball valves shall be Spears True Union 2000 industrial ball valves or approved equal.    

 
2.03 CHECK VALVES 
 
A. PVC check valves shall be swing check suitable for horizontal or vertical operation. 
 
B. Valve body shall be one-piece molded flanged body with 150 pound flange ends. 
 
C. Valves shall be rated a 150 psig at 68° F.   
  
D. The O-rings and seals shall be of Viton.     
 
E. All valve components shall be replaceable and accessible without removal of valve from the 

line. 
 
F. Check valves shall be Chemline SC Series swing check valve or equivalent. 
 
2.04 AIR RELEASE VALVES/ VACUUM BREAKER VALVES 
 
A. Air release valve body shall be PVC construction meeting the requirements of ASTM D-1784. 
 
B. Opening and closing shall not be affected by pressure. 
 
C. Valves shall be rated for 232 psi at 73° F. 
 
D. Valves shall be ¾” size with threaded end connections. 
 
E. Valves shall be IPEX Xirtec 140 or equivalent. 
 
PART 3 EXECUTION 
 
3.01 INSTALLATION - GENERAL 
 
A. All valves and appurtenances shall be installed per the manufacturer's instructions in the 

locations shown, true to alignment and rigidly supported. 
 
B. Valves shall be leak tested under Section 15073. 
 
C. Valves identified on the piping and P&ID drawings with valve numbers shall be permanently 

identified by attaching numbered tags.   
 

END OF SECTION 
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SECTION 15140 
 

PIPE HANGERS AND SUPPORTS 
 
PART 1 GENERAL 
 
1.01  SCOPE OF WORK 
 
A. Furnish all labor, materials, equipment and incidentals and install a complete system of pipe 

hangers, supports, concrete inserts and anchor bolts including all metallic hanging and 
supporting devices for supporting non-buried piping as shown on the Drawings and as 
specified herein. 

 
B. The absence of pipe supports and details on the Drawings shall not relieve the Subcontractor 

of the responsibility for providing them.  Pipe supports indicated on the Drawings are shown 
only to convey the intent of the design for a particular location and are not intended to 
represent a complete system.  

 
1.02  RELATED WORK 
 
A. Piping systems are included in respective Section 15050. 
 
B. Valves are included in Section 15100.  
 
1.03  SUBMITTALS 
 
A. Submit to the Subcontractor complete sets of shop drawings of all items to be furnished 

under this Section. 
 

B. Submittals shall include a representative catalog cut for each different type of pipe hanger or 
support indicating the materials of construction, important dimensions and range of pipe 
sizes for which that hanger is suitable.  Where standard hangers and/or supports are not 
suitable, submit detailed drawings showing materials and details of construction for each 
type of special hanger and/or support.   

 
1.04  REFERENCE STANDARDS 
 
A. Manufacturer's Standardization Society of the Valve and Fittings Industry (MSS) 

 
1. MSS SP-58 - Pipe Hangers and Supports - Materials, Design and Manufacture. 

 
2. MSS SP-69 - Pipe Hangers and Supports - Selection and Application. 

 
B. American Society for Testing and Materials (ASTM) 

 
1. ASTM A36 - Standard Specification for Carbon Structural Steel. 

 
2. ASTM A307 - Standard Specification for Carbon Steel Bolts and Studs, 60,000 psi 

Tensile Strength.  
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C. American National Standards Institute (ANSI) 
 

1. ANSI B31.1 - Power Piping. 
 
1.05  QUALITY ASSURANCE 
 
A. All hangers, supports and appurtenances shall conform to the latest applicable requirements 

of ANSI B31.1, except as supplemented or modified by the requirements of this Section. 
 

B. All hangers, supports and appurtenances shall be of approved standard design where possible 
and shall be adequate to maintain the supported load in proper position under all operating 
conditions. 

 
1.06  DELIVERY, STORAGE AND HANDLING 
 
A. All supports and hangers shall be crated, delivered and uncrated so as to protect against any 

damage. 
 

B. All parts shall be properly protected so that no damage or deterioration shall occur during a 
prolonged delay from the time of shipment until installation is completed. 

 
C. Finished metal surfaces not galvanized, that are not of stainless steel construction, or that are 

not coated, shall be grease coated, to prevent rust and corrosion. 
 
PART 2 PRODUCTS 
 
2.01  GENERAL 
 
A. All of the equipment specified herein is intended to support the various types of pipe and 

piping systems shown on the Drawings. 
 

B. All pipe and tubing shall be supported as required to prevent significant stresses in the pipe 
or tubing material, valves, fittings and other pipe appurtenances and to support and secure 
the pipe in the intended position and alignment.  All supports shall be designed to adequately 
secure the pipe against excessive dislocation due to thermal expansion and contraction, 
internal flow forces and all probable external forces such as equipment, pipe and personnel 
contact. 

 
C. The Subcontractor may propose minor field adjustments to the piping arrangements in order 

to simplify the supports, or in order to resolve minor conflicts in the work. 
 

D. Where flexible couplings are required at equipment, tanks, etc, the end opposite to the piece 
of equipment, tank, etc, shall be rigidly supported, to prevent transfer of force systems to the 
equipment.  No fixed or restraining supports shall be installed between a flexible coupling 
and the piece of equipment. 

 
E. All pipe and appurtenances connected to the equipment shall be supported in a manner to 

prevent any strain from being imposed on the equipment or piping system. 
 
F. Changes in direction (e.g. 90° elbows) shall be supported as close as practical to the fitting to 

avoid introducing excessive torsional stresses into the system. 
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G. Supports shall be sufficiently close together such that the sag of the pipe is within limits that 
will permit drainage and avoid excessive bending stresses from concentrated loads between 
supports. 

 
H. All uninsulated non-metallic piping shall be protected from local stress concentrations at 

each support point.  Protection shall be provided by galvanized steel protection shields or 
other method as approved by the Contractor.  Where pipes are bottom supported 180°, arc 
shields shall be furnished. Where 360-degree arc support is required, such as U bolts, 
protection shields shall be provided for the entire pipe circumference. Protection shields 
shall have an 18 gauge minimum thickness, not be less than 12 in. in length and be securely 
fastened to pipe with stainless steel or galvanized metal straps not less than 1/2-in wide. 

 
I. Where pipe hangers and supports come in contact with copper piping provide protection 

from galvanic corrosion by; wrapping pipe with 1/16-in thick neoprene sheet material and 
galvanized protection shield; isolators similar to Elcen, Figure No. 228; or copper plated or 
PVC coated hangers and supports. 

 
J. Pipe supports where applicable shall be provided as follows: 

 
1. Support spacing for steel and stainless steel piping 2 in. and smaller diameter and 

copper tubing shall not exceed 5 ft. 
 

2. Individually supported PVC pipes shall be supported as recommended by the 
manufacturer at 100° F temperature except that support-spacing shall not exceed 6 ft in 
any size.  

 
3. All vertical pipes shall be supported at intervals of not more than 8 ft by approved pipe 

collars, clamps, brackets, or wall rests and at all points necessary to insure rigid 
construction.  All vertical pipes passing through pipe sleeves shall be secured using a 
pipe collar. 

 
4. Pipe supports shall not induce point loadings but shall distribute pipe loads evenly 

along the pipe circumference. 
 
5. PVC pipe hangers shall be provided with protective sleeve to spread bearing surface as 

recommended by the manufacturer.  
 
6.    PVC pipe hangers shall be on band, clevis, or roller that permit pipe movement unless 

anchoring or clamping hanger is required.    
 

6. Supports shall be provided at changes in direction and elsewhere as shown in the 
Drawings or as specified herein.   

 
6. Pipe supports shall be provided to minimize lateral forces through valves, both sides of 

split type couplings and sleeve type couplings and to minimize all pipe forces on pump 
housings.  Pump housings shall not be utilized to support connecting pipes. 

 
7. Effects of thermal expansion and contraction of the pipe shall be accounted for in the 

pipe support selection and installation. 
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K. Unless otherwise specified herein, pipe hangers and supports shall be standard catalogued 
components, conforming to the requirements of MSS-SP-58 and -69. 

 
L. Hanger rods shall be hot rolled steel, machine threaded and galvanized after fabrication.  The 

strength of the rod shall be based on its root diameter.  Inserts shall be malleable iron, or 
steel with galvanized finish.  Beam clamps, C-clamps or welded beam attachments shall be 
used for attaching hanger rods to structural steel members.   

 
2.02  SINGLE PIPE HANGERS 
 
A. Single pipes shall be supported by hangers suspended by hanger rods from structural steel 

members, bottom of trapeze hangers and wall mounted steel angle brackets. 
 

B. Except as otherwise specified herein, pipe hangers shall be steel, of the adjustable clevis type 
as required. 

 
C. Where pipes are near walls, beams, columns, etc, and located an excessive distance from 

ceilings or underside of beams, welded steel wall brackets shall be used for hanging pipe.   
 

2.03  MULTIPLE PIPE HANGERS 
 
A. Suspended multiple pipes, running parallel in the same horizontal plane, which are adjacent 

to each other shall be suspended by trapeze type hangers or wall brackets.  Trapeze hangers 
shall consist of galvanized structural steel channel supported from galvanized threaded rod 
or attached to concrete walls, columns or structural steel support members as required to 
meet the intent of this Section.  

 
B. Except as otherwise specified herein pipe anchors’ material of construction shall be 

galvanized steel.  Chair "U" bolts shall be tightened to allow freedom of movement for 
normal expansion and contraction except where pipe must be anchored to control direction 
of movement. 

 
2.04  SINGLE AND MULTIPLE PIPE SUPPORTS 
 
A. Single pipes located in a horizontal plane close to the floor shall be supported by one of the 

methods as specified herein. 
 

B. Pipes 3 in. in diameter and larger shall be supported by adjustable stanchions, as necessary.  
Stanchions shall provide at least 4 in. adjustment and be flange mounted to floor. 

 
C. Pipes less than 3 in. in diameter shall be held in position by supports fabricated from steel 

"C" channel, welded post base and pipe clamps.  Where required to assure adequate support, 
fabricate supports using two vertical members and post bases connected together by 
horizontal member of sufficient load capacity to support pipe.  Wherever possible, supports 
shall be fastened to nearby walls or other structural member to provide horizontal rigidity.  
More than one pipe may be supported from a common fabricated support. 

 
2.05  WALL SUPPORTED PIPES 
 
A. Single or multiple pipes located adjacent to walls, columns or other structural members, 

whenever deemed necessary, shall be supported using welded steel wall brackets; or "C" 
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channel with steel brackets.  All members shall be securely fastened to wall, column, etc, 
using double expansion shields or other method as approved by the Contractor.  Additional 
wall bearing plates shall be provided where required. 

 
B. Pipe shall be attached to supports using methods specified herein to meet the intent of this 

Section. 
 
2.06  BASE ANCHOR SUPPORT 
 
A. Where pipes change direction from horizontal to vertical via a bend, a welded or cast base 

bend support shall be installed at the bend to carry the load.  The base bend shall be fastened 
to the floor, pipe stanchion, or concrete pedestal using expansion anchors or other method as 
approved by the Subcontractor. 

 
2.07  VERTICAL PIPE SUPPORTS 
 
A. Where vertical pipes are not supported by a "C" channel system as specified in Paragraph 

2.08 below, they shall be supported by the following method.  An extension hanger ring 
shall be provided with an extension rod and hanger flange.  The rod diameter shall be as 
recommended by the manufacturer for the type of pipe to be supported.  The hanger ring 
shall be steel or PVC clad depending on the supported pipe.  The anchor flange shall be 
galvanized malleable iron. 

 
2.08  SPECIAL SUPPORTS 
 
A. Pipe supports shall be provided for closely spaced vertical piping systems required to 

provide a rigid installation.  The interval of vertical support spacing shall be as specified, but 
in no case shall vertical interval exceed 10-ft.  The support system shall consist of a 
framework suitably anchored to floors, ceilings or roofs. 

 
B. Vertical and horizontal supporting members shall be U shaped channels.  Vertical piping 

shall be secured to the horizontal members by pipe clamps or pipe straps.  All components 
shall be of steel. 

 
C. For piping larger than 3-in, the support frame shall be fabricated from structural steel shapes 

and secured through the use of expansion anchors. 
 

D. The assemblies shall be furnished complete with all nuts, bolts and fittings required for a 
complete assembly including end caps for all "C" channel members. 

 
E. Supports not otherwise described in this Section shall be fabricated or constructed from 

standard structural steel shapes in accordance with applicable provisions of Section 05500, 
or "C" channel frame; have anchor hardware similar to items previously specified herein, 
shall meet the minimum requirements listed below and be subject to the approval of the 
Subcontractor.  The pipe support system shall not impose loads on the supporting structures 
in excess of the loads for which the supporting structure is designed. 

 
2.10  SURFACE PREPARATION AND SHOP PRIME PAINTING 
 
A. All bare metal surfaces shall be prepared and shop painted as part of the work of this 

Section.  Any additional field hangers and supports shall be field painted. 
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 PART 3 EXECUTION 
 
3.01  INSTALLATION 
 
A. Proceed with the installation of piping and supports only after any building structural work 

has been completed and new concrete has reached its 28-day compressive strength. 
 

B. The installation of pipe support systems shall in no way interfere with the operation of 
overhead rollup doors. 

 
C. The installed systems shall not interfere with maintenance and operational access to any 

equipment installed under this Section, or any other related Section. 
 
D. Wherever possible, supports shall be fastened to nearby walls or other overhead structural 

members to minimize using floor space for pipe stands and supports.  No floor supports 
shall impede door ways, access ways, or aisle ways. 

 
E. Horizontal carrier hangers, trays, or channels shall be used to minimize floor supports for   

plastic pipe.   
 
F. All pipes horizontal and vertical, requiring rigid support shall be supported from the building 

structure by approved methods.  Supports shall be provided at changes in direction and 
elsewhere as shown in the Drawings or as specified herein.  No piping shall be supported 
from metal stairs, ladders and walkways unless specifically directed or authorized by the 
Contractor.   

 
G. All pipe supports shall be designed with liberal strength and stiffness to support the 

respective pipes under the maximum combination of peak loading conditions to include pipe 
weight, liquid weight, liquid movement and pressure forces, thermal expansion and 
contraction, vibrations and all probable externally applied forces.   

 
H. Pipe supports shall be provided to minimize lateral forces through valves, both sides of split 

type couplings and sleeve type couplings (within four pipe diameters) and to minimize all 
pipe forces on pump housings.  Pump housings shall not be utilized to support connecting 
pipes. 

 
3.02  INSPECTION AND TESTING 
 
A. After installation, each pipe support system shall be inspected for compliance with this 

section prior to leak tests. 
 
B. All hangers shall be snug to pipe and supporting weight.   
 
C. After leak testing, the hangers shall be inspected again to ensure all are supporting weight.  
 
D. If any part of the pipe support system proves to be defective or inadequate, it shall be 

repaired or augmented under this Section to the satisfaction of the Contractor. 
 
 
 END OF SECTION 
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 SECTION 16050 
 
 BASIC MATERIALS AND METHODS 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
This section, along with the other sections included in this division of work, unless noted otherwise, covers 
the complete procurement, installation, and testing of all electrical material and equipment in accordance with 
the contract drawings and as hereinafter specified.   
 
1.02 REFERENCES 
 
  A. Each specification section of this division (16) includes references to nationally accepted standards, 

codes, and regulations. These are intended to serve as the governing rules for the fabrication, 
construction, and testing activities specified by this specification and related drawings. 

 
  B. American National Standards Institute (ANSI) C1, National Electrical Safety Code (NESC).   
 
  C. ANSI/National Fire Protection Association 70, National Electrical Code (NEC).   
 
  D. Underwriters' Laboratories, Inc. (UL) standards where referenced in this division.   
 
  E. Temporary lighting and power circuits required for construction shall be installed in accordance 

with Article 305 of the NEC.   
 
  F. Procure all materials and equipment and perform all work in accordance with applicable sections of 

the latest officially released issue of each listed reference in effect on the date of this specification.   
 
PART 2 - PRODUCTS 
 
2.01 GENERAL 
 
A. Materials 
 

1. Furnish all new materials (and equipment), unless otherwise noted, and which are approved 
by UL or other nationally recognized testing laboratories whenever standards have been 
established by one of these agencies.    

 
2. Required materials (and equipment) are specified on the drawings or in this specification.  In 

the event of conflicts between the drawings and specifications, the specifications govern.   
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PART 3 - EXECUTION 
 
3.01 INSTALLATION/APPLICATION/ERECTION 
 
Install all work to conform with the requirements of the NEC and the NESC and to the applicable rules of 
national standards and codes hereinafter referenced.   
 
Temporary lighting and power circuits required for construction are to be installed in accordance with 
Article 305 of the NEC.   
 
 A. Cutting and Patching 
 
                1. Perform all cutting and patching, repairing, and other similar alterations required for the        

 installation of electrical material and equipment by craftsmen skilled in the trade involved.   
 
                2. Patch or replace to match any existing work which is cut, removed, or otherwise damaged 

during the installation of electrical material and equipment.   
 
  B. Openings, Penetrations, and Inserts 
 

 1. Provide all openings required for the work.   
 

 2. Seal around all conduits penetrating floors and concrete or masonry fire-zone walls in 
accordance with details shown on the drawings or by installing 3-h rated flanged conduit 
fireseals, O-Z/Gedney Company Type CFSF. 

 
 3. Seal all cable tray and bus duct penetrations of floors and fire-zone walls in accordance with 

details shown on the drawings. 
 

 4. Seal around all raceways penetrating exterior building walls of wood, asbestos, sheet metal, 
etc., with silicone rubber sealant, General Electric RTV-102 Dow Corning 732, or 
equivalent.   

 
 5. Locate all chases, sleeves, inserts for hangers, supports, and fastenings in order to minimize 

interferences.   
 
  C.           Installation Methods 
 
                 1. Perform all labor required for the installation of electrical material and equipment using 

craftsmen skilled in the electrical trade.   
 
                 2. Make fastenings to wood by means of wood screws or bolts; to masonry by means of 

threaded metal inserts, metal expansion screws, metal expansion shields, or bolts; and to steel 
by means of machine screws, bolts, or by welding.  No wood or fiber plugs will be 
permitted.  Fastenings to concrete may be accomplished with "Ramset" low-powered gun 
fasteners, bolts, or expansion anchors.   

 
                  3. Furnish and install hangers, supports, and equipment racks for all electrical materials and 

equipment.   
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                 4. Fabricate hangers for supporting conduit and electrical equipment from angle iron, channel 
iron, "Unistrut," galvanized, or cadmium-plated rods. Space conduit hangers in accordance 
with Section 16111.  

 
                 5. Fabricate supports for electrical equipment from angle iron, channel iron, or "Unistrut" and, 

when required, covered with steel plate.  Supports shall be of all-welded construction.  
Fasten equipment to plate with hex-head bolts, hex nuts, and lock washers.   

 
                6. Fabricate equipment racks for mounting electrical equipment from P-1000 "Unistrut" unless 

otherwise shown on the drawings.  Racks shall be of bolted or welded construction.  Mount 
equipment to racks with hex-head bolts, spring nuts, and lock washers.   

 
  D. Painting  
 
                 1. Clean rust and scale from unfinished members used in the fabrication of hangers, supports, 

and equipment racks.  Paint with one coat of metal primer after fabrication and then, if not 
concealed, paint finish coat.   

 
                 2. Paint unfinished surfaces of conduit, panels, cabinets, and pull boxes. 
 
 
 END OF SECTION            
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 SECTION 16111 
 
 CONDUIT 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
Section includes:   
 
  A. Metal conduit. 
 
  B. Flexible metal conduit. 
 
  C. Liquid-tight flexible metal conduit. 
 
  D. Polyvinyl chloride (PVC) - coated metal conduit. 
 
1.02 RELATED WORK 
 
  A. Section 16195 - Electrical Identification 
 
  B. Section 16450 - Grounding  
 
1.03 REFERENCES 
 
  A. American National Standards Institute (ANSI) C80.1 - Rigid Steel Conduit, Zinc Coated. 
 
  B. ANSI/National Fire Protection Agency (NFPA) 70 - National Electrical Code. 
 
  C. NECA "Standard of Installation." 
 
  D. National Electrical Manufacturers Association (NEMA) RN 1 - Polyvinyl Chloride (PVC) 

Externally Coated Galvanized Rigid Steel Conduit and Intermediate Metal Conduit. 
 
  E. NEMA TC 3 - PVC Fittings for Use with Rigid PVC Conduit and Tubing. 

 
1.04 SUBMITTALS 
 
  A. Submit data for approval.   
   
1.05 PROJECT RECORD DOCUMENTS 
 
 Accurately record actual routing of conduits and submit as-built drawings upon completion of work.   
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1.06 DELIVERY, STORAGE, AND HANDLING 
 
  A. Deliver conduit to job site in 10-ft lengths.  Inspect for damage. 
 
  B. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide appropriate 

covering. 
 
  C. Protect PVC conduit from sunlight. 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
  Furnish products listed and classified by Underwriters Laboratories, Inc as suitable for purpose 

specified and shown. 
 
  A. Heavy-Wall Rigid Steel Conduit 
 
   Rigid steel conduit shall be Schedule 40 hot-dipped galvanized or electrogalvanized conduit, 

manufactured in accordance with UL Standard UL-6 and ANSI Specification C80.1, and be UL 
listed.   

 
  B. Liquid-Tight Flexible Metal Conduit 
 
               1. Liquid-tight flexible metal conduit shall be fabricated of galvanized steel flexible tubing with a 

synthetic jacket extruded over the tubing.  It shall be manufactured in accordance with UL 
Standard UL-360 and be UL listed.  

 
               2. All flexible conduits exposed to weather, water, or other liquids shall be liquid-tight with 

connectors approved for this use.   
 
               3. Liquid-tight conduit assemblies shall include, on each end, an insulated, straight or 90-angle 

connector equal to Thomas & Betts Company Series 5300.  This shall be the conduit assembly 
intended wherever a Liquid-tight assembly is called for on the drawings or in these 
specifications.   

 
               4. Liquid-tight conduit assemblies shall be used between motor terminal boxes or other 

equipment subject to vibration and/or mechanical adjustment, the rigid conduit systems, or 
elsewhere as shown on the drawings.  Liquid-tight conduit used to connect to motor terminal 
boxes for housing motor conductors shall be not less than 12 times the trade size in length but 
in no case less than 12 in.   

 
  C. Rigid Polyvinyl Chloride Conduit 
 

Rigid PVC conduit shall be Schedule 40 PVC.  It shall be manufactured in accordance with NEMA 
TC 2 and be listed as in compliance with UL Standard UL-651.   
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PART 3 - EXECUTION 
 
3.01 PROJECT FIELD CONDITIONS 
 
  A. Verify that field measurements shown on drawings. 
 
  B. Verify routing and termination locations of conduit prior to rough-in. 
 
  C. Conduit shown on drawings is routed in approximate locations unless dimensioned.  Route as 

required to complete wiring system. 
 
  D. Conduit runs in floor slab or underground shall be installed exactly as shown and dimensioned on 

the construction drawings.  Any deviations from the locations shown on the drawings must be 
approved by the Field Engineer prior to installation of the conduit.  The location of underground 
conduit shall be marked aboveground in the manner specified on the drawings.   

 
  E. When not shown in detail on the drawings, the exact locations and routing of conduit and the 

location and sizing of conduit sleeves passing through floors, walls, etc., shall be determined by the 
Field Engineer subject to approval of the Project Manager or designee.  

 
3.02 INSTALLATION ABOVEGROUND (EXPOSED OR CONCEALED) 
 
  A. Install exposed conduits at right angles to or parallel to building structural members.  Diagonal runs 

will be permitted only in concrete slabs or in special cases with prior approval of the Project 
Manager or designee.  

 
  B. Conduit shall in no case be secured directly to other piping.  Conduit parallel to or crossing 

uninsulated hot water or steam pipes must be separated from them by 12 in. if parallel or 6 in. if 
crossing.  Where these lines are insulated, conduit parallel to or crossing them must clear the 
insulation surface by 2 in.  Conduit shall not be run directly under cold water lines and shall be 
separated from them in other directions by at least 3 in.   

 
  C. Conduit shall be cut square with an approved conduit cutter and threaded with an approved conduit 

threader.  The ends shall be reamed of burrs, and all metal shavings and cutting lubricants shall be 
removed before the conduit is connected to the conduit system.   

 
  D. IMC, rigid metal conduit, PVC conduit, and EMT, whether concealed or exposed, shall be 

adequately supported in accordance with paragraphs 345-12, 346-12, 347-8, and 348-12 of the 
National Electrical Code, respectively.  

 
  E. Metallic conduit shall be secured to walls, building framing, etc., by the use of malleable iron, 

galvanized U-bolts, beam clamps, conduit straps, or "Unistrut" fittings where "Unistrut" racks or 
supports are used.   

   
  F. IMC and rigid metal conduit shall be securely fastened to all outlet boxes, pull boxes, cabinets, and 

switch boxes with double lock nuts and insulating bushings unless boxes with hubs are provided.   
 

G-131



 

16111-4 

  G. EMT shall be terminated with rain-tight, compression-type connectors with insulated throats.  
Couplings used with EMT shall be rain-tight, compression type.  Set screw-type connectors and 
couplings are unacceptable.   

 
  H. Rigid PVC conduit shall be secured to walls, building framing, etc., by the use of stainless steel or 

PVC-coated conduit straps, hangers, or "Unistrut" fittings.  The use of beam clamps or any other 
support device that places substantial pressure upon the conduit is prohibited.  PVC conduit and 
fittings shall be joined using PVC conduit couplings and solvent cement specifically approved for 
use with PVC.  Expansion couplings shall be installed in all straight conduit runs exceeding 100 ft.  
Termination of PVC conduit in electrical boxes and enclosures shall be made utilizing threaded 
PVC terminal adapters.   

 
  I. Use appropriate tools to install PVC-coated conduit, and take care to avoid damage to the exterior 

coating.  After installation, repair any damaged area with Plasti-Bond touch-up compound.   
 
  J. All field-cut threads in IMC and rigid steel conduit shall be coated with electrically conductive, 

antiseize compound, Thomas & Betts "KOPR-SHIELD" or approved equal.   
 
  K. All conduit connections shall be made with appropriate fittings and securely tightened.  Improperly 

made connections or terminations, as well as any which have not been adequately tightened, will be 
rejected.   

 
  L. Conduit openings into which dirt, plaster, motor mix, or debris may fall shall be closed with caps or 

tight-fitting plugs during the construction period.  Conduits in which such material has accumulated 
shall be thoroughly cleaned.  Where such accumulations cannot be readily removed, the conduit 
shall be replaced.   

 
  M. Conduits to be sealed for the purpose of preventing airflow and rodent and insect access shall be 

sealed where specified on the drawings with a pliable, duct-sealing compound, such as 
John-Manville "Duxseal."  Compounds which solidify, such as Crouse-Hinds "Chico," shall be used 
with sealing-type conduit fittings.   

 
  N. Expansion couplings shall be installed in all conduit runs crossing building expansion joints and 

shall be located between conduit supports adjacent to the expansion joint.   
 
3.03 INSTALLATION UNDERGROUND   
 
  A. All threaded connections in conduits installed in building floor slabs or underground shall be sealed 

watertight with "Permatex" Type 2 nonhardening sealant.  Conduit must be clean and dry and must 
pass standard sizing test after concrete is poured.  All unused conduits shall be capped.  Those 
conduits subject to being filled with water shall have watertight caps.  

 
B. Underground conduit shall be IMC, rigid galvanized steel, PVC, or fiber as specified on the 

drawings.   
 

 END OF SECTION 
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 SECTION 16120 
 
 BUILDING WIRE AND CABLE - 600 V AND BELOW 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
Section includes:   
 
  A. Building wire and cable. 
 
  B. Underground feeder and branch circuit cable. 
 
  C. Service entrance cable. 
 
1.02 RELATED SECTIONS 
 
  A. Section 16111 - Conduit. 
 
  B. Section 16123 – Splices and Terminations - 600 V and Below. 
 
  C. Section 16195 – Electrical Identification. 
 
  D. Section 16950 – Electrical Testing. 
 
1.03 REFERENCES 
 
  A. American National Standards Institute/National Fire Protection Agency (ANSI/NFPA) 70 - 

National Electrical Code. 
 
  B. National Electrical Manufacturers Association (NEMA) WC-5 - Thermoplastic-Insulated Wire 

and Cable.   
 
1.04 SUBMITTALS 
 
  A. Submit for approval.   
 

B. Test Reports: Submit in accordance with Section 16950.  Indicate procedures and values 
obtained.  

  
1.05 QUALIFICATIONS 
 
   Manufacturer:  Company specializing in manufacturing products specified in this section with 

minimum 3 years experience. 
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1.06 REGULATORY REQUIREMENTS 
 
  A. Conform to requirements of ANSI/NFPA 70. 
 
  B. Furnish products listed and classified by Underwriters' Laboratories, Inc. (UL) as suitable for 

purpose specified and shown. 
 
1.07 PROJECT CONDITIONS 
 
  A. Verify that field measurements shown on drawings. 
 
  B. Conductor sizes are based on copper unless indicated as aluminum or "AL." 
 
  C. Wire and cable routing shown on drawings is approximate unless dimensioned.  Route wire and 

cable as required meeting project conditions.  
 
  D. Where wire and cable routing is not shown and destination only is indicated, determine exact 

routing and lengths required. 
 
1.08 COORDINATION 
 
  A. Coordinate work with other crafts.   
 
  B. Determine required separation between cable and other work. 
 
  C. Determine cable routing to avoid interference with other work. 
 
PART 2 - PRODUCTS 
 
2.01 MANUFACTURERS - BUILDING WIRE AND CABLE 
 
  A. ANNIXTER 
 
  B. SOUTHWIRE 
 
  C. ALPHA 
 
  D. Substitutions:  Submit for approval.   
 
2.02 BUILDING WIRE AND CABLE 
 
  A. Description:  Single conductor insulated wire. 
 
  B. Conductor:  Copper as specified on the drawings. 
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C. Stranding:  
 

  1. All wire No. 8 and larger shall be stranded.  Wire No. 10 AWG and smaller feeding lights 
and receptacles shall be solid.  Wire No. 10 AWG and smaller installed for motor leads 
and control wiring shall be stranded.   

  
2.     Cables shall have standard stranding for sizes as follows:  7 strands up through No. 2; 

19 strands from No. 1 through No. 4/0; 37 strands from 250 MCM through 500 MCM; 
and 61 strands from 600 MCM through 1,000 MCM [except where noted otherwise on 
the drawings].   

 
  D. Insulation Voltage Rating: 600V. 
 
  E. Insulation:  Conductors installed in conduit and raceways; ANSI/NFPA 70: 
 
                1. Type THW or XHHW insulation for feeders and branch circuits larger than No. 10 AWG;  
 
                2. Type THHN/THWN insulation for feeders and branch circuits No. 10 AWG and smaller;  
 
                3. Type THHN/THWN insulation for conductors enclosed in fluorescent lighting fixtures. 
 
  F.   Color Coding: 
 
                 1. All grounded (neutral) conductors No. 2 AWG and smaller shall have white insulation.  

Grounded conductors larger than No. 2 AWG shall be identified at all terminal or 
junction points by wrapping with white, self-adhesive, vinyl-plastic electrical tape, 
Scotch 35.  Sufficient length of cable nearest terminal or junction point shall be taped so 
that neutral conductors shall be easily identifiable when covers of lighting panels, 
transformers, junction boxes, safety switches, etc., are removed. Color code ungrounded 
(phase) conductors as follows:   

 
a. 240/120-V, single-phase systems  

 
Ungrounded conductor - black 
Ungrounded conductor - red 

 
b. 208/120-V, three-phase systems 

 
Phase "A" - black 
Phase "B" - red 
Phase "C" - blue 

 
c. 480/277-V, three-phase systems 

 
Phase "A" - brown 
Phase "B" - orange 
Phase "C" - yellow 
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d. 480-V, three-phase "Delta" systems 
 

Phase "A" - brown 
Phase "B" - orange 
Phase "C" - yellow 

 
                2. Any insulated conductor intended solely for grounding purposes shall be identified by a 

continuous green color or a continuous green color with one or more yellow stripes.   
 
                3. Ungrounded single-conductor control circuit wiring may be a combination of any colors 

other than white, gray, or green.  The grounded control circuit conductor shall be 
identified in accordance with para. F.1.  

 
                4. Conductors of multiwire branch power and lighting circuits shall have identifying colors 

in conformity with the color coding schedule on the drawings.  A unique color scheme 
shall be used for each different voltage system.   

 
2.03 600-V CONTROL CABLE 
 
  A. Multiconductor control cables shall be moisture resistant, small diameter type unless otherwise 

specified on the drawings.  Cables shall be Type TC (tray cable), 600 V, 90�C per NEC Article 
340 and NEMA WC-5.  Cables shall be approved by UL for conduit, cable tray, and 
underground duct installations.   

 
  B. Conductors shall be stranded copper with heat- and moisture-resistant polyvinyl chloride (PVC) 

insulation, 15 mils thick minimum, and covered with clear nylon jacket, 5 mils thick minimum.  
Conductors shall be color coded in accordance with NEMA WC-5, Appendix I, Table I-1 for 
NEC applications or Table I-2 for control circuit applications.  Cables shall have an overall 
flame-resistant sheath of PVC.   

 
  C. The number and size of conductors and the exact color-coding requirements shall be as specified 

on the drawings.   
 
PART 3 - EXECUTION 
 
3.01 EXAMINATION 
 
  A. Verify that mechanical work likely to damage wire [and cable] has been completed. 
 
3.02 PREPARATION 
 
  A. No wire and cable shall be pulled until the conduit system is complete from pull point to pull 

point.   
 
  B. Completely and thoroughly swab raceway before installing wire. 
 
  C. Care shall be exercised while installing wire in conduits so as not to damage the conductor 

insulation. Ideal Industries' "Yellow-77" or "Wire Lube" or Electro Compound Company's 
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"Y-ER-EAS" compound may be used in pulling nonarmored conductors and shall be used if 
wire is pulled by mechanical means.   

 
3.03 GENERAL WIRING METHODS 
 

A. Exterior Locations:  Use only building wire Type THW or XHHW insulation in raceway  
 
B. Use wiring methods indicated on drawings. 

 
  C. Use no wire smaller than No. 12 AWG for power and lighting circuits and no smaller than 

No. 16 AWG for control wiring.   
 
  D. Place an equal number of conductors for each phase of a circuit in same raceway or cable.   
 
  E. Splice only in junction or outlet boxes.   
 
  F. Neatly train and lace wiring inside boxes, equipment, and panel boards.   
 
  G. Make conductor lengths for parallel circuits equal.   
  
  H. The bending radius of any wire or cable shall not be less than the minimum recommended by the 

manufacturer.  Maximum pulling tension and sidewall pressure of any wire or cable shall not 
exceed manufacturer's recommended values.   

 
3.04 WIRING INSTALLATION IN RACEWAYS 
 
  A. Install products in accordance with manufacturers’ instructions. 
 
  B. Use solid conductor for feeders and branch circuits No. 10 AWG and smaller. 
 
  C. Use stranded conductors for control circuits. 
 
  D. Pull all conductors into raceway at same time. 
 
3.05 IDENTIFICATION 
 
  A. Identify wire and cable under provisions of Section 16195. 
 
  B. Identify each conductor with its circuit number or other designation indicated on drawings. 
 
3.06 INSPECTIONS AND TESTS 
 
  A. Perform field inspection and testing under provisions of Section 16950. 
 
  B. Inspect wire and cable for physical damage and proper connection. 
 
  C. Testing:  All single- and multiconductor wire cables insulated for 600 V service shall be tested 

as follows: 
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Test No. 1 - Continuity 
 
              1. Make test for continuity and correctness of wiring and identification on all conductors of 

lighting and receptacle branch circuits, power and control circuits, and motor leads.   
 
              2. Test shall be made with a direct current test device, such as a bell, a buzzer, or a light.   
 
              Test No. 2 - Insulation Resistance 
 
              3. All 600 V, insulated cables No. 4 AWG and larger installed as branch circuit conductors 

from substations shall be given an "Insulation Resistance Test" using a 1,000 V insulation 
tester (Simpson Model 405 or approved equal).   

 
              4. The test shall be made with the conductors disconnected at the equipment.  The test shall 

be made between one conductor and ground with the other conductors grounded.  Each 
conductor shall be tested in the same manner.  The voltage shall be applied for a 
minimum of 3 minutes and until the reading reaches a nearly constant value.   

 
              5. Acceptable minimum resistance readings shall be 50 megaohms.  If Megger readings 

indicate damaged insulation, the conductor shall be rejected and shall be replaced by the 
Seller.  The replacement conductor must pass the required Megger test.   

 
              6. More than one conductor may be listed on the same cable test report provided all 

conductors listed are tested and accepted on the same date.  Reports shall include 
complete identification of the feeder, Megger readings vs time data, ambient temperature, 
and weather conditions.   

 
C. Reporting Test Results:  The subcontractor shall report all test results in accordance with 

Section 16950. 
 
 
 END OF SECTION                     
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 SECTION 16122 
 
 MEDIUM-VOLTAGE CABLE - 15-kV INSULATED 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
Section includes:   

 
 Medium-voltage cable, 15-kV insulated. 
 
1.02 RELATED SECTIONS 
 
  A. Section 16111 - Conduit 
 
  B. Section 16124 - Splices and Terminations Medium Voltage Cables 
 
  C. Section 16950 – Electrical Testing 
 
1.03 REFERENCES 
 
  A. American National Standards Institute (ANSI)/Institute of Electrical and Electronic Engineers 

(IEEE) C2 - National Electric Safety Code, Association of Edison Illuminating Companies. 
 
  B. Association of Edison Illuminating Companies (AEIC) CS5 - Specifications for Thermoplastic and 

Crosslinked Polyethylene Insulated Shielded Power Cables Rated 5 through 46 kV, 37 pages.   
 
  C. AEIC CS6 - Specifications for Ethylene Propylene Rubber Insulated Shielded Power Cables Rated 

5 through 69 kV, 36 pages. 
 
  D. AEIC 1-68 - Solid-Type Impregnated-Paper-Insulated Lead-Covered Cable Specifications, 53 

pages. 
 
  E. IEEE 400-80 - Making High-Direct-Voltage Tests on Power Cable Systems in the Field, Guide. 
 
  F. National Electrical Manufacturers Association (NEMA) WC7 - Cross-Linked Thermosetting 

Polyethylene Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy. 
 
  G. NEMA WC8 - Ethylene-Propylene-Rubber-Insulated Wire and Cable for the Transmission and 

Distribution of Electrical Energy. 
 
1.04 SUBMITTALS 
 
  A. Submit product data for approval indicating cable and accessory construction, materials, and ratings. 

The following data shall be supplied for each 15-kV cable:  complete description of cable, including 
diameters over conductor, insulation, semicon insulation shield, and overall diameter and ampere 
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rating per conductor based on an ambient temperature of 40°C and a copper temperature of 90°C or 
105°C as specified. 

 
  B. Submit manufacturers’ installation instructions.  The following data shall be supplied for each 

15-kV cable:  manufacturers’ instructions for splices and terminations, factory high-potential test 
voltage, minimum duct-bend radii, maximum pulling tension, and maximum sidewall pressure.  

 
  C. Submit manufacturer's certificate that medium voltage cable meets or exceeds specified 

requirements. 
 
  D. Submit "as built" drawings upon completion of work and accurately record exact sizes and locations 

of cables. 
 
1.05 QUALITY ASSURANCE 
 
  A. Manufacturer:  Company specializing in medium voltage cable and accessories with minimum 

5-years documented experience. 
 
  B. Installer:  Company specializing in installation of medium voltage cable with minimum 5-years 

experience. 
 
1.06 DELIVERY, STORAGE, AND HANDLING 
 
  A. Deliver cable and accessories on-site in manufacturer's packages and inspect for damage. 
 
  B. Protect cable and accessories from weather by covering with opaque plastic or canvas; provide 

ventilation to prevent condensation. Both ends of all cables shall be sealed to protect the cables 
against dirt and moisture during storage.   

 
PART 2 - PRODUCTS 
 
2.01 GENERAL 
 
  A. Each reel of cable shall bear the manufacturer's name and approval tag, which shall indicate the 

cable size and type of insulation and shall bear the Underwriters' Laboratories, Inc. (UL) label.  
  
  B. All cable furnished and installed shall be listed by UL, for the specific type of installation (conduit, 

duct, cable tray, etc.) shown on the drawings.  
  
  C. All conductors shall be copper.  
  
  D. Conductors shall have standard stranding for sizes as follows: 7 strands up through No. 2; 

19 strands from No. 1 AWG through No. 4/0; 37 strands from 250 MCM through 500 MCM; and 
61 strands from 600 MCM through 1,000 MCM, unless otherwise noted on the drawings.  

 
  E. Single-conductor insulation shall be black unless otherwise specified on the drawings.  

Multiple-conductor cables must contain phase identification by means of letters, numbers, or 
colored tapes over individual conductor insulations.  The color of the individual conductor 
insulation may be all black or manufacturer's standard for the type cable specified. 
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  F. Cables shall be surface marked at regular intervals, not exceeding 24 in. in accordance with the 
National Electrical Code Article 310-11.  

 
2.02 CABLE, 15,000 VOLT, SINGLE CONDUCTOR, SHIELDED  
  
  A. The cables specified on the drawings as 1/C-15 kV shall be single-conductor, shielded, 

solid-dielectric type rated for 90°C operations. The cables shall be listed by UL as Type MV-90 and 
have a 15,000-V rating.  

  
  B. The conductor shall be stranded copper, sized in accordance with the drawings. The insulation level 

shall be 133% of rated voltage with a minimum thickness of 220 mils. The insulation shielding shall 
be uncoated copper tape.  

  
  C. The cables shall conform to one of the following:    
  
               1. The cable shall have cross-linked polyethylene (XLP) insulation with a polyvinyl chloride 

(PVC) jacket and be constructed and tested in conformance with NEMA Standard WC-7 and 
Association of Edison Illuminating Companies (AEIC) Specification CS5.  The cable shall 
be equal to Rome Cable Type 7245. 

  
               2. The cable shall have ethylene-propylene-rubber (EPR) insulation and be constructed in 

conformance with NEMA Standard WC-8 and AEIC Specification CS6.  The cable shall be 
equal to Rome Cable Corporation Type 7292.  

 
2.03 CABLE, 15,000 VOLT, THREE CONDUCTOR, SHIELDED  
  
  A. The cables specified on the drawings as 3/C-15 kV shall be three-conductor, shielded; 

solid-dielectric type rated for 105°C operations. The cables shall be listed by UL as Type MV-105 
and have a 15,000-V rating.  

  
  B. The conductor shall be stranded copper, sized in accordance with the drawings. The insulation level 

shall be 133% of rated voltage with a minimum thickness of 220 mils. The insulation shielding shall 
be uncoated copper tape.  

  
  C. The cable shall have ethylene-propylene-rubber (EPR) insulation and be constructed in 

conformance with NEMA Standard WC-8 and AEIC Specification CS6.  The cable shall be equal to 
Rome Cable Corporation Type 7525.  

 
PART 3 - EXECUTION 
 
3.01 INSPECTION 
 
  A. Verify that conduit or trench is ready to receive work.  
 
  B. Verify field measurements shown on drawings. 
 
  C. Beginning of installation means installer accepts existing conditions. 
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3.02 PREPARATION 
 
Thoroughly swab conduits to remove foreign material before pulling cables. 
 
3.03 INSTALLATION 
 
  A. Install cable and terminations in accordance with manufacturer's instructions and to ANSI/IEEE C2. 
 
  B. Ground cable shield at each termination and splice. 
 
  C. No cable shall be pulled until the conduit system is complete from pull point to pull point. 
 
  D. Care shall be exercised while installing cable in conduits so as not to damage the conductor 

insulation. Ideal Industries' "Yellow-77" or "Wire Lube" or American Polywater Corporation's 
"Polywater J or J-WG" compound may be used in pulling nonarmored conductors and shall be used 
if cable is pulled by mechanical means.  

 
  E. The bending radius of any cable shall not be less than the minimum recommended by the 

manufacturer.  Maximum pulling tension and sidewall pressure of any wire or cable shall not 
exceed the manufacturers’ recommended values.  

 
  F. Install cable in manholes along those walls providing the longest route and most spare cable lengths. 

 Arrange cable to avoid interferences with duct entrances into manhole. 
 
  G. Where specified on the drawings, cables in manholes, pullboxes, and vaults and exposed 

high-voltage cable terminations at transformers, potheads, etc., shall be fireproofed.  The 
fireproofing material shall be 3M Company "Irvington" No. 7700 ARC and fireproofing tape or an 
approved equal.  Application of the tape, securing of tape to the cable, and other installation details 
shall be in accordance with details shown on the drawings.   

 
3.04 FIELD QUALITY CONTROL 
 
  A. General 
 
               1. Field inspection and testing will be performed under provisions of this section and 

Section 16950. 
 
              2. Inspect exposed cable sections for physical damage. Verify that cable is connected according 

to drawings and that shield grounding, cable support, and terminations are properly installed. 
 
              3. In setting up the test set, special safety precautions should be taken regarding grounding of 

the test equipment.  The test set, its sphere gap (if used), its voltmeter, and the cable sheath 
should all be grounded to the same ground.  

  
              4. Exposed cable connections shall be attended throughout the duration of the test.  The 

machine operator shall coordinate the overall safety effort although each organization is 
individually responsible for the safety of its personnel.  

  
             5. Insulating gloves shall be worn by test personnel making connections during all tests. 
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             6. Test values applied shall not exceed the maximum permissible field test value of component 
part included in the test.  

   
  B. Test No. 1 - Shield Continuity 
  
      A continuity test of metallic shields shall be made with an ohmmeter.  

 
  C. Test No. 2 - Insulation Resistance No. 1 
  

1. The insulation shall be given an "Insulation Resistance Test" using a 2,500-V insulation 
tester (Simpson Model 405 or an approved equal).  This test shall be made before the "DC 
High-Potential Test" (Test No. 3). 

 
             2. ll 1/C insulated cables shall be tested between conductor and ground with the cable shield 

grounded.  
  
             3. All multiconductor insulated cables shall be tested between one of the conductors and 

ground with the other two conductors and cable sheath (if shielded) grounded to the same 
ground.  Each conductor shall be successively tested in the same manner.  

  
             4. The voltage shall be applied for a long enough duration to fully charge the cable.  Resistance 

readings shall be taken every 15 seconds during the first 3 minutes and at 1-minute intervals 
thereafter.  The test shall continue until three equal readings, 1 minute apart, are obtained.  
The cable then may be considered to be fully charged.  

  
             5. Minimum acceptable resistance readings for 15-kV cables shall be 5,000 megohms for cable 

lengths of 1,000 ft or less.   
 
  D. Test No. 3 - High Potential 
  
             1. A "DC High-Potential Test" shall be made after all splices, potheads, and stress cones are 

made.  This test shall be in accordance with IEEE Standard 400-1980. 
 
             2. The "DC High-Potential Test" shall be made only after the Contractor’s project 

representative has approved an initial "Insulation Resistance Test" and before terminal 
equipment, such as transformers, etc., have been connected.  

 
             3. All 1/C insulated cables shall be tested between conductor and ground with the cable shield 

grounded.  
  
             4. All multiconductor insulated cables shall be tested between one of the conductors and 

ground with the other two conductors and cable sheath grounded to the same ground.  Each 
conductor shall be successively tested in the same manner.  

 
             5. The preferred method of conducting the "DC High-Potential Test" is with the negative lead 

of the high-potential machine connected to the cable under test and the positive lead 
connected to ground.  If a positive-ground machine is unavailable, the test may be made with 
the polarity opposite that indicated.  In either case, the test report shall state which kind of 
machine was used.  
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             6. The "DC High-Potential Test" voltages shall be 55 kV for 15-kV-rated cables.  
  
             7. Apply test voltage slowly, from an initial value not to exceed 25 kV, in increments of equal 

value (6 kV max, 2 kV min) to the maximum specified level.  Allow sufficient time 
(1 minute suggested) at each step for the leakage current to stabilize or to show unreadably 
low values.  Record leakage current at the end of each step duration. 

  
             8. Maintain the maximum test voltage (55 kV) for 5 consecutive minutes.  Record the leakage 

current values at 1-min intervals. 
 
             9. Should the leakage current values significantly increase during the soak period, the test shall 

be aborted.  Retest shall proceed only after approval from the Project Manager. 
  
            10. After successful completion of the test duration or a failure is experienced, the test potential 

shall be removed at approximately the same rate as used during its application.  Allow the 
residual voltage on the circuit to decay to at least 20% (10 kV) of the test voltage before 
applying manual grounds.  A retest or reconnection of circuit components shall not be started 
until the cable has been solidly grounded for a period at least four times (20 min) the test 
duration. 

  
Caution:  It should be recognized that direct current charges can build up potentially dangerous levels 
if grounds are removed before absorption energy is dissipated. 

 
            11. For the cable to be acceptable, the steady-state leakage current values at maximum test 

voltage must be approximately equal and, in general, less than 25 microamperes. 
 
            12. Cables shall not be subjected to more than one "DC High-Potential Test" without the 

approval of the CONTRACTOR.  The maximum test voltage for a second test, should it be 
necessary, shall be as specified by the CONTRACTOR or DESIGNATED PROJECT 
REPRESENTATIVE.   

  
  E. Test No. 4 - Insulation Resistance No. 2  
  
             1. The cable shall be given a second "Insulation Resistance Test" using a 2500-V insulation 

tester (Simpson Model 405 or approved equal) after completion of Test No. 3.  
 
             2. For the cable to be acceptable, the resistance readings must be reasonably parallel to Test No. 

2 "Megger" readings.  
  
 
 
 
  F. Reporting Test Results 
 

The subcontractor shall report the results of all tests in accordance with Section 16950.   
 
 
 END OF SECTION 
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 SECTION 16123 
 
 SPLICES AND TERMINATIONS - 600 V AND BELOW 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 

Section includes:   
 
  A. Wire nuts. 
 
  B. Mechanical and compression type connectors suitable for aluminum and copper conductors. 
 
1.02 RELATED SECTIONS 
 
  A. Section 16120 - Building Wire and Cable - 600V and Below 
   
1.03 REFERENCES 
 
  A. American National Standards Institute (ANSI) A449 - Steel Bolts. 

 
  B. ANSI B18.2.2 - Square and Hex Nuts. 
 
  C. ANSI B18.22.1 - Plain Washers.  
 
1.04 SUBMITTALS 
 
  A. None Required. 
 
 
PART 2 - PRODUCTS 
 
2.01 CONNECTORS FOR SPLICING AND TERMINATIONS 
 
  A. Product definition of connectors for splicing and terminating conductors is listed in Part 3 for the 

different type and sizes of conductors and for different type terminations and connections. 
 
  B. Substitutions:  Submit for approval.   
 
 
PART 3 - EXECUTION 
 
3.01 GENERAL 
 
  A. Splices and taps shall generally be made in junction boxes or wiring gutters.  Solderless 

connectors shall be used exclusively.  
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  B. All compression connectors shall be installed in strict accordance with manufacturer's 
instructions, using properly sized and keyed connectors and dies.  Aluminum connectors shall be 
factory supplied with an appropriate amount of aluminum joint compound inside the connector.  
All compression connectors shall be Thomas & Betts or an approved equal.  

  
3.02 COPPER CONDUCTOR CONNECTORS 300 V OR LESS  
  
  A. Splices, taps, and terminations of stranded conductors No. 10 AWG and smaller shall be made 

with pressure connectors, Thomas & Betts "Sta-Kon" or equal.  Splices and taps in solid No. 10 
AWG and smaller shall be made with split-bolt connectors or with insulated wire nuts, Thomas 
& Betts "Piggy" or equal.  Terminations of solid conductors No. 10 AWG and smaller may be 
made by forming the wire to fit under a screw head, thus requiring no connector.  

  
  B. Splices and taps in copper conductors No. 8 AWG through No. 1 AWG and terminations of 

these sizes of conductors other than in equipment lugs (i.e., molded-case circuit breakers) shall 
be made with either copper mechanical connectors or with wrought-copper compression 
connectors.  

  
 Type of  Thomas & Betts 
connection     Type of connector   Series No.    

 
Splice Mechanical - Split-bolt 2T through 8T 
Tap Mechanical - Split-bolt 2T through 8T        

 Termination Mechanical - One-hole lug     31000 
Splice Compression - Two-way     54500  

  connector 
Tap Compression - "C" tap     54700  
Termination Compression - One-hole lug     54100  

 
  C. Splices and taps in copper conductors No. 1/0 AWG through No. 4/0 AWG and terminations of 

these sizes of conductors other than in equipment lugs (i.e., molded-case circuit breakers) shall 
be made with wrought-copper compression connectors.  

  
  Type of  Thomas & Betts         

 connection Type of connector   Series No.    
 

Splice Two-way connector     54500  
Tap C" tap     54700  
Termination Two-hole lug     54200  
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 D. Splices in copper conductors 250 MCM and larger and terminations of these sizes of conductors 
other than in equipment lugs (i.e., molded-case circuit breakers) shall be made with heavy-duty, 
cast-copper compression connectors.  Taps in these sizes of conductors shall be made with 
wrought-copper "C" taps.  

  
   Type of  Thomas & Betts       
 connection Type of connector   Series No.    
 

Splice Two-way connector     53500  
Tap "C" tap     54700  
Termination Two-hole lug     53200  

  
  E. Copper conductors shall be thoroughly cleaned before connectors are installed.  
  
3.03 COPPER CONDUCTOR CONNECTORS OVER 300 V  
  

All connectors specified for use with copper conductors carrying 300 V or less are applicable for 
use with conductors carrying up to 600 V, except insulated wire nuts shall not be used.  Splices 
in conductors No. 10 and smaller shall be made with split-bolt connectors.  

  
3.04 ALUMINUM CONDUCTOR CONNECTORS  
   
  A. All aluminum-to-aluminum and aluminum-to-copper conductor splices and taps and 

terminations of all aluminum conductors shall be made with tin-plated, aluminum-bodied, 
compression-type connectors. Bronze or copper compression or mechanical connectors and 
aluminum mechanical connectors, whether tin plated or unplated, shall not be used for aluminum 
conductors.  

 
  B. Splices and taps in aluminum conductors up through No. 4/0 AWG and terminations of these 

sizes of conductors shall be made with wrought-aluminum compression connectors.  
 

 Type of  Type of       Type of Thomas & Betts 
connection connector        cable                Series No.   

 
Splice Two-way Aluminum to aluminum     60500 
Splice Reducing Aluminum to copper     60900 
Tap H-tap Aluminum to aluminum     63100  
Tap H-tap Aluminum to copper     63100 
Termination 1-hole lug Aluminum     60100 
Termination 2-hole lug Aluminum     60200 
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Conductors size 1/0 AWG through 4/0 AWG shall terminate with two-hole lugs. 
  

Splices in aluminum conductors 250 MCM and larger and terminations of these sizes of 
conductors shall be made with heavy-duty, cast-aluminum compression connectors.  Taps in 
these sizes of conductors shall be made with wrought-aluminum "H" taps.  

 
 Type of  Type of       Type of Thomas & Betts 
connection connector        cable    Series No.   

 
Splice Two-way Aluminum to aluminum     53500A  
Splice Reducing Aluminum to copper     53500A  
Tap H-tap Aluminum to aluminum     63100  
Tap H-tap Aluminum to copper     63100  
Termination 2-hole lug Aluminum      53200A  

 
  C. Before installing compression fittings on aluminum conductors, aluminum joint compound, 

Thomas & Betts Cat. No. 21059, shall be applied to the exposed conductor and wire brushed 
through it to remove the aluminum oxide film.  The fitting shall be installed immediately after 
wire brushing the conductor.  

  
  D. When aluminum conductors are used to supply circuit breakers, switches, motor control centers, 

etc., that have been furnished by the vendor with lugs other than tin-plated, compression-type 
aluminum fittings, they shall be installed by one of the following methods.  

  
               1. The aluminum conductors shall be terminated in compression-equipment adapters, such 

as Thomas & Betts BI-Metal pin connectors, No. 61900 series, Burndy "HYPLUG," 
Homac Type "MPT," Mac-Products "MAC-ADAPT," or other approved equal.  The 
compression-equipment adapters shall be terminated in the vendor-supplied lugs.  

  
               2. The aluminum conductors shall be run in conduit to an appropriately sized junction box 

mounted adjacent to the subject equipment.  The aluminum conductors shall be spliced to 
copper conductors of equivalent ampacity with tin-plated aluminum, compres-
sion-reducing connectors inside the junction box.  The copper conductors shall then be 
extended into subject breaker or switch and shall be terminated in the vendor-supplied 
lugs.  

  
  E. An acceptable alternative to the methods described in para. 4.E is to specify that the equipment 

be supplied with tang terminals and extra enclosure space to allow termination of lug-type 
compression fittings.  

 
3.05 BUS CONNECTIONS AND ATTACHMENT OF CABLE LUGS  
  
  A. All bolted connections in both copper and aluminum bus and attachment of cable lugs to both 

types of bus shall be made using "Belleville" conical, compression-type washers.  The 
connections shall be made in accordance with details shown on the drawings.   

 
The following hardware shall be used for indoor, dry, noncorrosive installations.  Hardware for 
other environmental conditions shall be specified on the drawings.  
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              1. Bolts shall be regular, semifinished, hex-head, cadmium-plated, medium carbon steel, 
SAE Grade 5, high-strength type with UNC, Class 2B threads.  Bolts shall conform to 
ANSI/American Society for Testing and Materials (ASTM) A-449.  

 
              2. Nuts shall be regular, semifinished, hexagon, cadmium-plated, medium carbon steel, SAE 

Grade 5, high-strength type with UNC, Class 2B threads.  Nuts shall conform to ANSI 
Bl8.2.2.  

  
              3. Flat washers shall be Type A plain, wide-series, cadmium-plated, mild steel.  Washers 

shall conform to ANSI B18.22.1 and the following table.  
 
              4. "Belleville" compression washers shall be American Iron and Steel Institute, Inc., 6150 

steel, heat treated to 47/50 RC, and mechanically cadmium plated 0.0005 in. thick.  
Washers shall conform to the following table.  

 
Compression washer   

 Min pounds Thomas 
Bolt   Max load at 100% & Betts Flat washer 
size   OD  deflection  Cat. No. OD ID

 Thickness 
 

1/4 11/16      800  60800 3/4 5/16   0.065  
3/8 15/16    1,400  60802 1 7/16   0.083 
1/2 1 3/16    2,700  60803 1 3/8 9/16   0.109  
5/8 1 1/2    4,000  60804 1 3/4 11/16   0.134  

 
  B. Contact surfaces of bolted connections in copper bus shall be tin plated to a minimum thickness 

of 0.1 mil.  These surfaces and areas of copper bus on which cable lugs are to be terminated shall 
be thoroughly cleaned of oxide and coated with A. B. Chance Company "Contact-Aid" prior to 
making the connections and terminating the lugs.  

  
  C. Contact surfaces of bolted connections in aluminum bus shall be tin plated to a minimum 

thickness of 0.1 mil.  These surfaces shall be thoroughly cleaned and coated with Thomas & 
Betts "Aluma-Shield" aluminum joint compound prior to making the connections.  

  
  D. Unplated surfaces of aluminum bus on which cable lugs are to be terminated shall be wire 

brushed with Thomas & Betts "Aluma-Shield" aluminum joint compound to remove the 
aluminum oxide film.  These surfaces shall be wiped clean and immediately relocated with clean 
"Aluma-Shield" prior to terminating the lugs.  Plated surfaces of aluminum bus shall not be wire 
brushed, but joint compound shall be used. 

 
  E. All bolts used in bus connections and in cable lug terminations shall be tightened until the 

"Belleville" compression washer is completely flat.  Connections are not to be torqued, but 
tightening the joint sufficiently to flatten the "Belleville" washer is essential.  
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3.06 INSULATION OF SPLICES AND TAPS 600 V OR LESS  
  
  A. Splices and taps in thermoplastic and rubber-insulated conductors shall be insulated in 

accordance with 1 or 2 below.  
  
               1. The connection shall first be insulated with rubber tape, 3M Company No. 130C, 

Plymouth Rubber Company "Plyvolt," or Okonite Company No. 10.  The connection 
shall then be wrapped with all-weather, vinyl-plastic tape, 3M Company No. 88 or 
Plymouth Rubber Company "Premium Grey."  The inner tape shall be wrapped in a 
manner so as to pad the sharp edges and fill the indents of the connector.  The outer tape 
shall be applied until the total area of the inner taping is covered with a minimum of four 
layers.  The total thickness of the combination of tapes shall be at least equal to the 
thickness of the conductor insulation.  

  
               2. The sharp edges and indents of the connection shall first be padded with 3M Company 

"Scotchfil" insulation pad, Plymouth Rubber Company "Plyseal" insulation pad, or 
Okonite Company No. 75 filler tape. The connection shall then be covered with an 
appropriately sized, heat-shrinkable sleeve, Rachem Company Type "WCS" or Thomas 
& Betts Type "HS," or with prestretched tubing, 3M Company Type "PST."  

  
  B. Connections insulated in accordance with 3.05.A.1) or 3.05.A.2) that are not housed in a 

junction box or other metal enclosure shall have an additional protective wrapping of friction 
tape, Plymouth Rubber Company "Special ASTM" or Okonite Company "Manson" No. 5, to 
protect the connection from abrasions.  

  
  C. All outdoor splices and taps, such as splices at service entrances and any connections which are 

subjected to high humidity, shall be insulated in accordance with 3.05.A and 3.05.B and then 
wrapped with linen cloth tape and painted with two brushed-on coats of General Electric 
"Glyptal."  

  
  D. Underwriters' Laboratories, Inc., approved insulators for splices and taps, similar to Burndy 

"Poly-Tap," may be used only where specified on the drawings.  
  
 
 END OF SECTION 
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 SECTION 16124 
 
 SPLICES AND TERMINATIONS – MEDIUM VOLTAGE CABLES 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 

Section includes:   
 
  A. Terminations, 5-kV and 15-kV insulated cables. 
 
  B. Splices, 5-kV and 15-kV insulated cables.  
 
  C. Taps, 5-kV and 15-kV insulated cables.  
 
  D. Potheads. 
 
1.02 RELATED SECTIONS 
 
  A. Section 16122 - Medium Voltage Cables - 15kV Insulated 
 
1.03 REFERENCES 
 
  A. Institute of Electrical and Electronic Engineers (IEEE) 48 - Class 1 Terminations for Medium 

Voltage Cables. 
 

  B. American National Standards Institute C2 - National Electrical Safety Code. 
 
1.04 SUBMITTALS 
 
  A. Submit product data for approval.   
 
  B. Submit manufacturer's instructions for splicing and terminating aluminum conductors. 
 
 
PART 2 - PRODUCTS 
 
2.01 SPLICES AND TERMINATIONS  
 
  A. Solid Dielectric Shielded Power Cables (XLP and EPR)  
 
               1. General  
  

Items 2, 3, 4, 5, 6, and 7 below specify requirements for terminating and making splices and 
taps in 15-kV solid dielectric shielded power cables, unless specified otherwise on the 
drawings, and specify acceptable manufacturer's product lines. Products other than those 
listed herein and on the drawings shall not be used unless approved by the Project Manager 
or designee.  
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The subcontractor shall furnish appropriate kits, selected from the acceptable manufacturer's 
product lines, that will properly match the sizes and configurations of cables specified.  
Outdoor kits shall be used for all outdoor installations.  
  
All splicing and terminating materials must be installed in strict adherence to the 
manufacturer's instructions, and care must be exercised to keep the cable ends and insulating 
materials clean and dry during installation.  

  
All termination products must meet IEEE 48 requirements for Class 1 type terminations.   

 
               2. 15-kV Cable Terminations  
  

Terminations of 15-kV cables shall be made with 15-kV premolded termination kits.  
RAYCHEM "HVT"-series kits.   

  
               3. 15-kV Cable Splices  
  

Straight (180°) splices in 15-kV cables shall be made with heat-shrinkable splice kits.  
RAYCHEM "HVS"-series kits are acceptable.  

  
               4. 15-kV Cable Dead Ends  

Dead-end seals in 15-kV cables shall be made with 15-kV, factory-premolded heat-
shrinkable kits. RAYCHEM “HVES” – series kits are acceptable.  

  
 
PART 3 - EXECUTION 
 
3.01 SCHEDULING 
  
  A. When splice kits and prefabricated terminations are used on solid dielectric 5-kV and 15-kV cable, 

the work should be scheduled such that terminations and splices can be completed prior to the end 
of the work shift.  However, if a splice or termination is not complete at the end of the work shift, 
then the splice shall be covered with plastic and taped to exclude moisture and dirt (idle period shall 
not exceed 48 h).  Upon continuation of the splice during the next work shift, the cable components 
shall be wiped clean and dry before continuing with splice completion.  In all areas other than 
heated buildings, the wrapped incomplete splice or stress cone terminator shall be protected with 
silica gel or dry air purge as described in 3.01B. 

 
B. The enclosure size shall be kept to a minimum, and reusable desiccating canisters of humidity 

indicating silica gel shall be inserted inside the enclosure to absorb moisture that enters during the 
period of time the splice (pothead) is idle. Two 40-g canisters of silica gel shall be used for each 
cubic foot of volume in the enclosure.  "Dri-Can" canisters, manufactured by Multiform Desiccant 
Products, Inc., or equal, shall be used. Continuous purging of the wrapped incomplete splice or 
pothead, with air or nitrogen gas with a dew point of -60°F or better is an acceptable alternative to 
the use of silica gel.  
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3.02 CLEANLINESS CONTROL  
 

Temporary protection shelters (wood frame and plastic sheet or equivalent) shall be installed over 
open entry ways when splicing solid dielectric cables during inclement weather or in environments 
where airborne contaminants are present that are detrimental to a successful splice.  Similar shelters, 
under similar conditions, shall be used for making up stress cone terminators.  

  
3.03 SKILLED PERSONNEL  
  

Craft personnel making splices and terminations shall be skilled in the procedures and techniques 
required for the particular type of work assigned.  

  
3.04 IDENTIFICATION  
  

Each individual splice or termination shall be completed from start to finish by the same 
individual(s). All splices and terminations shall be tagged with an aluminum band (around the cable 
at the splice or termination) identifying the date of completion, the initials of the craftsman, and the 
subcontractor employing the craftsman.  

 
 END OF SECTION 
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 SECTION 16195 
 
 ELECTRICAL IDENTIFICATION 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 

Section includes:   
 
  A. Nameplates and tape labels.   
 
  B. Wire and cable markers.   
  
1.02 SUBMITTALS 
 
  A. Include schedule for nameplates and tape labels.  
 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
  A. Nameplates 
 

Engraved three-layer laminated plastic, white letters on a black background.   
 
  B. Tape Labels 
 

Embossed adhesive tape with 3/16 in. (5 mm) white letters on black background.   
 
  C. Wire and Cable Markers 
 

Cloth markers, split sleeve or tubing type.   
 
 
PART 3 - EXECUTION 
 
3.01 INSTALLATION 
 
  A. Degrease and clean surfaces to receive nameplates and tape labels.   
 
  B. Install nameplates and tape labels parallel to equipment lines.   
 
  C. Install weather-resistant nameplates on outdoor equipment. Secure nameplates to equipment 

fronts using screws, rivets, or adhesive.  Secure nameplate to inside face of recessed troffers.   
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  D. Tape Labels:  "Dymo" 5134-09, 3/4-in. black plastic adhesive tape having letters 
approximately 1/2 in. high.   

 
  E. The identification shall be in accordance with the one-line diagram and shall include the 

following:  
 

a.   maximum voltage, 
b.   equipment designation, 
c.   source of supply, and  
d.   equipment supplied.   

   
   F. Interior electrical devices can be identified by means of "Dymo" 158-9, 1/2-in. black plastic 

adhesive tape having letters approximately 5/32 in. high.  The tape shall be applied to the front 
cover plates.  For example, a switch fed from Circuit 15 from Panel B would be marked "120 V, 
1-ph, Circuit 15, LP-B."   

 
   G. Surfaces shall be cleaned with a solvent such as Varsol prior to applying tape.  After the tape has 

been applied to the equipment or device, a brush coat of clear lacquer shall be applied over the 
tape making sure that all edges of the tape are well covered.  The identification tape and seal 
coating of clear lacquer shall be applied prior to field painting.  The identification tape shall then 
be masked until field painting is completed, after which the masking shall be removed.   

 
3.02 CONDUCTORS 
 
  A. All single-conductor power and control wiring shall be identified in all readily accessible 

junction boxes in the wiring system and at all terminations.  Conductors need not be identified in 
pull points where no taps or splices are made.  Numbers and letters shall be attached to each 
conductor in accordance with the numbering system on the drawings, using 3M Company 
"Scotch Code" wire markers or W. H. Brady "Quick Label" labels.  

 
  B. All three-phase power feeder conductors shall be identified by phase designations (e.g., 0/A, 

0/B, and 0/C).   
 
  
 END OF SECTION 
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 SECTION 16450 
 
 GROUNDING 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 

Section includes:   
 
  A. Electrical equipment grounding. 
 
 1.02 REFERENCES 
 
  A. American National Standards Institute (ANSI)/Institute of Electrical and Electronic Engineers 

(IEEE) Standard 8l, Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 
Surface Potentials of a Ground System. 

 
  B. IEEE 80, Guide for Safety in AC Substation Grounding. 
 
  C. National Electrical Code (NEC) Article 250, Grounding. 
 
  D. NEC Article 250-26, Grounding Separately Derived Alternating-Current Systems. 
 
1.03 SYSTEM DESCRIPTION 
 
  A. The grounding of electrical equipment, grounded electrical circuits, etc., shall be in accordance 

with the details shown on construction drawings. In addition to the grounding specified herein or 
on the drawings, all ground connections required by the NEC shall be furnished and installed.  
Where grounding conductor sizes are omitted from the drawings, the minimum requirements of 
Article 250 of the NEC shall apply.  

 
  1.04 SUBMITTALS 
 
  A. Submit shop drawings for approval.   
 
  B. Indicate layout of system grounding electrode connections and electrode conductor. 
 
 
PART 2 - PRODUCTS 
 
2.01 MATERIALS 
 
  A. Ground Rods:  Copperweld type, Joslyn No. J8350, 3/4 in. diam, minimum length 15 ft. 
 
  B. Connectors:  Compression type, Thomas & Betts Series No. 52000, No. 53000, or equal. 
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  C. Bonding:  Thermic type, Cadweld or equal. 
 
 
PART 3 - EXECUTION 
 
3.01 INSTALLATION 
 
  A. Electrical Equipment Grounding 
 

                  1. The equipment -grounding conductor shall be a continuous copper wire and shall be run in 
the same conduit with the current carrying conductors.  Aluminum ground wires are not 
permitted and will not be accepted.  Wire installed in steel conduit may be either bare or 
green insulated. Wires No. 8 AWG and larger shall be stranded.  

  
                 2. Equipment grounding conductors shall connect to the existing ground grid at ground busses 

and ground inserts or to existing equipment grounding conductors.  Grounding or bonding of 
equipment to building steel as a sole means of grounding will not be acceptable, and the use 
of conduit as the equipment grounding conductor is not permitted.  

  
                 3. Connections to ground busses and connections of equipment grounding conductors shall be 

made with either bolted mechanical lugs or compression connectors.  Before connections are 
made, all contact surfaces shall be clean and bright; and a compound to prevent oxidizing, 
such as "No-Oxide" or "Contact Aid," shall be applied to ensure good electrical contact.  

   
                4. Metal shields and/or lead sheaths of 5-kV and 15-kV cables shall be bonded for continuity at 

splices and grounded at each termination.  The equipment grounding conductor shall connect 
to the ground grid system.   

 
   3.02 FIELD QUALITY CONTROL 
 
  A. Test No. 1 - Individual Ground Rods  
 
                1. Before connection to the ground mat, each ground rod shall be tested for resistance to earth 

by a Biddle null balance "Earth Tester," using the "Three-Point-Method" described in 
ANSI/IEEE Standard 81 using two auxiliary rods.  

 
                2. Individual ground rod resistance to earth shall be 15 ohms or less. If the resistance is found 

to be higher than 15 ohms, additional ground rods shall be driven and connected in multiple, 
with the rod under test until 15 ohms are obtained.  Spacing of rods shall be a minimum of 
10 ft.  

  
  B. Test No. 2 - Complete Ground Mat  
  
                1. After completion of Test No. 1, all ground rods shall be connected to the ground conductor.  

Before any backfilling is done, the complete ground mat shall be visually inspected to ensure 
that all connections have been made mechanically tight by the "Cadweld" or other approved 
process.  
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2. After a satisfactory visual inspection, backfilling shall be done; and the resistance of the 
complete ground mat to earth shall then be tested.  The mat resistance shall be determined by 
use of the "Fall-of-Potential Method" as described in ANSI/IEEE Standard 81. 

  
                3. The maximum acceptable resistance for the complete ground mat shall be 1 ohm.  
  
  C. Test No. 3 - Ground Pigtails  
  
    Terminations of ground cables coming up from the buried ground mat, shall be visually inspected 

for solidness of connections, workmanship, and conformance with drawings and specifications.  
  
  D. Test No. 4 - Equipment Ground Conductors  
 
               1. A test shall be made at the ground conductor terminations to determine the adequacy of the 

equipment ground conductor.  
 
               2. A "Kelvin Bridge" shall be connected between the equipment ground bus (to which the 

equipment ground conductor is connected) and the nearest ground point connected directly 
to the system ground grid.  

 
               3. The readings taken will indicate the resistance between the equipment ground bus and the 

building ground grid.  The maximum permissible resistance shall be 0.1 ohm.  
 
  F. Reporting Test Results:  It is the responsibility of the subcontractor to report the results of all tests 

in accordance with Section 16950. 
 
 
 
 END OF SECTION 
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 SECTION 16480 
 
 MOTOR CONTROL 
 
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 

Section includes:   
 
  A. Manual motor starters.   
 
  B. Magnetic motor starters.   
 
  C. Combination magnetic motor starters.   
 
  D. Motor starter panelboards.   
 
1.02 RELATED WORK 
 
  A. Section 16950 – Electrical Testing 
 
1.03 REFERENCES 
 
  A. American National Standards Institute/National Electrical Manufacturers Association 

(ANSI/NEMA) ICS 6 - Enclosures for Industrial Controls and Systems. 
 
  B. ANSI/Institute of Electrical and Electronic Engineers 344 - Recommended Practices for Seismic 

Qualification of Class 1E Equipment for Nuclear Power Generating Stations. 
 
  C. ANSI/Underwriters' Laboratories, Inc. (UL) 198C - High-Intensity Capacity Fuses; Current-

Limiting Types. 
 
  D. ANSI/UL 198E - Class R Fuses. 
 
  E. FS W-C-375 - Circuit Breakers, Molded Case, Branch Circuit and Service. 
 
  F. FS W-F-870 - Fuseholders (For Plug and Enclosed Cartridge Fuses). 
 
  G. FS W-P-115 - Power Distribution Panel. 
 

H. FS W-S-865 - Switch, Box (Enclosed), Surface-Mounted. 
 

  I. NEMA AB 1 - Molded Case Circuit Breakers. 
 
  J. NEMA ICS 2 - Industrial Control Devices, Controllers, and Assemblies. 
 
  K. NEMA KS 1 - Enclosed Switches. 
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  L. NEMA PB 1 - Panelboards. 
 
  M. NEMA PB 1.1 - Instructions for Safe Installation, Operation, and Maintenance of Panelboards 

Rated 600 Volts or Less. 
 
1.04 SUBMITTALS 
 
  A. Submit shop drawings and product data for approval.   

 
  B. Provide product data on motor starters and combination motor starters, relays, pilot devices, and 

switching and overcurrent protective devices. 
 

  C. Submit manufacturer's instructions for review and record.   
 

  D. Submit operation and maintenance data for record.   
 

  E. Include spare parts data listing, source and current prices of replacement parts and supplies, and 
recommended maintenance procedures and intervals. 

 
 
PART 2- PRODUCTS 
 
2.01 ACCEPTABLE MANUFACTURERS - MOTOR STARTERS 
 
 A. Allen-Bradley. 
 
 B. Square D. 
 
 C. General Electric. 
 
 D. Substitutions:  Submit for approval.   
 
2.02 COMBINATION MAGNETIC MOTOR STARTERS 
 
  A. Magnetic Motor Starters:  NEMA ICS 2, alternating current general-purpose Class A magnetic 

controller for induction motors rated in horsepower.  Magnetic motor starters shall be rated for 
600 V and shall be combination type with circuit breaker mounted within the enclosure.   

 
  B. Full Voltage Starting:  Nonreversing type. 
     
  C. Coil Operating Voltage:  120 V, 60Hz. 
 

D. Size:  NEMA ICS 2; size as shown on drawings. 
 

  E. Overload Relay:  NEMA ICS 2, melting alloy. 
 

Magnetic starters for three-phase motors shall be equipped with three thermal overload relays for 
overload protection.      
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  F. Enclosure:  NEMA ICS 6; Type 1 or as shown on drawings. 
 

G. Auxiliary Contacts:  NEMA ICS 2, field convertible contacts as shown on drawings in addition 
to seal-in contact. 

 
H. Push buttons, selector switches, and indicating lights shall be heavy-duty, oil-tight, surface 

mounted in NEMA 13 enclosure, indoors; NEMA type 4 enclosure, outdoors; and NEMA type 7 
enclosure, in hazardous areas, unless otherwise noted on the drawings. 

 
  I. Indicating Lights:  NEMA ICS 2, heavy duty, oil-tight RUN:  red in front cover 
 
  J. Selector Switches:  NEMA ICS 2, heavy duty, oil-tight HAND/OFF/AUTO 
 
  K. Individual units shall be furnished with standard size legend plates.  Markings on the plates shall 

be in accordance with the drawings. 
 
  L. Control Devices shall be Allen Bradley, Bulletin 800T; Square D, Class 9001; or GE, Form CR 

2940.  
 
  M. Relays:  NEMA ICS 2, relays shall have 120-V, 60-Hz coils with convertible contacts, rated for 

10 A at 600 V [unless otherwise noted on the drawings]. 
 
  N. Relays shall be Allen Bradley, Bulletin 700; Square D, Class 8501, type D; or GE, Form CR 

2810-A14. 
 
  O. Control Power Transformers:  120 V secondary, 100 VA minimum, in each motor starter. The 

X1 terminal of the control transformer secondary shall be fused.  The X2 terminal of the control 
transformer secondary shall be grounded.  

 
2.04 COMBINATION STARTER OVERCURRENT PROTECTION AND DISCONNECTING 

MEANS 
 
  A. Operating Handles:  The circuit breaker or disconnect switch shall be operable by hand from 

outside the enclosure and shall be so interlocked with the door that it must be turned in the "Off" 
position before the door can be opened.  A semisecret device shall be included to permit 
qualified personnel to open enclosure with breaker closed.  The operating handle shall be 
lockable in the "OFF" position.  

 
  B. Molded Case Thermal-Magnetic Circuit Breakers:  NEMA AB 1, circuit breakers with integral 

thermal and instantaneous magnetic trip in each pole. 
 
  C. Motor Circuit Protector:  NEMA AB 1, circuit breakers with integral instantaneous magnetic trip 

in each pole. 
 
  D. Nonfusible Switch Assemblies:  NEMA KS 1, quick-make, quick-break, load interrupter 

enclosed knife switch. 
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  E. Fusible Switch Assemblies:  NEMA KS 1, quick-make, quick-break, load interrupter enclosed 
knife switch.  Fuse Clips:  Designed to accommodate Class R fuses. 

 
 
PART 3 - EXECUTION 
 
3.01 INSTALLATION 
 
  A. Install motor control equipment in accordance with manufacturer's instructions. 
 
  B. Motor Starter Panelboard Installation:  In conformance with NEMA PB 1.1. 
 
  C. Install fuses in fusible switches. 
 
  D. Select and install heater elements in motor starters to match installed motor characteristics. 
 
  E. Motor Data:  Provide neatly typed label inside each motor starter enclosure door identifying 

motor served, nameplate horsepower, full load amperes, code letter, service factor, and 
voltage/phase rating. 

 
3.02 TESTING AND INSPECTION 
 
  A. Inspection 
 
               1. Verify that all wiring connections are tight.   
 
               2. Verify that movable contact assembly is not binding and is free to move.  
 
               3. Verify that coil voltage is correct.   
 
  B. Operational Test 
 

1. Verify proper phasing and rotation for connected motor.  
  

                2. Energize starter and record motor load current.   
 
  C. Reporting Test Results 
 

The subcontractor shall report all test results in accordance with Section 16950.   
 
 

END OF SECTION 
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 SECTION 16850 
 
 ELECTRICAL HEAT TRACING FOR FREEZE PROTECTION 
 
 
PART 1 - GENERAL 
 
1.1 Scope 
This specification covers the design and installation of electrical heat tracing for freeze protection of 
piping and equipment. 
 
1.2 References 
Electrical heat tracing systems shall be designed, installed, and tested in accordance with the most 
recently issued regulations, standards, recommended practices, and/or codes covering the intended 
application that are issued by or contained in the following: 
 
• American National Standards Institute (ANSI) 
 
• American Society for Testing and Materials (ASTM) 
 
• Factory Mutual (FM) 
 
• Institute of Electrical and Electronic Engineers (IEEE) 
 
• IEEE 622A, Heat Trace Recommendation 
 
• National Electrical Code (NEC) 
 
• National Electrical Manufacturer's Association (NEMA) 
 
• 250, Enclosures for Electrical Equipment (1000 volts maximum) 
 
• Underwriter's Laboratories (UL) 
 
1.3  Definitions (Not Used) 
 
1.4 Submittals 
 
1.4.1 All required submittals stated herein or elsewhere in this specification shall be submitted for 

review and approval.  Submittals that do not meet the project requirements will be rejected.  
Rejected submittals shall be resubmitted in a timely manner to avoid delays. 

 
1.4.2 The complete design of each system shall be carried out by the subcontractor or the manufacturer 

of the heat tracing system to be used.  Completed design shall be submitted to the Project 
Manager or designee for approval.  To aid in this design, the following documents will be 
furnished to the heat tracing vendor: 
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• Process Line List, Instrument List, and Equipment List - A list of items to be electrically 
traced, identified by service and number; the minimum temperature to be maintained; and 
insulation requirements 

 
• Piping and Instrument Diagrams - Piping and instrument diagrams showing the previously 

listed lines, instruments, and equipment 
 
• Plans, Elevations, and Isometrics - Drawings indicating the exact length and configuration of 

the items to be electrically traced 
 
• The electrical classification of hazardous locations where tracing and controls will be 

installed 
 
• Instructions to cover special conditions such as splice kit requirements, etc. 

 
1.4.3  The completed electrical heat tracing system designed by the subcontractor and/or the heat 

tracing vendor shall include plans or elevations to show the installation and location of all 
components.  The design shall include wiring diagrams, installation instructions, and a 
performance guarantee.  A data sheet listing the following information for each heater shall be 
included with the completed heat tracing system package.  

 
• Heater circuit number 
• Heater catalog number 
• Heater length 
• Voltage required 
• Ampere load of heater with test switch 
• Total output of heater in watts 
• Piping process temperature 
• Customer drawings reference numbers 
• Vendor drawings reference numbers 
• Output of heater in watts per foot. 

 
PART 2 - PRODUCTS 
 
2.1 Ambient temperature design conditions for tracing are: 
 

• Maximum 110oF 
• Minimum -20oF. 

 
2.2 The heat tracing subcontractor or heat tracing vendor shall use existing distribution panels and 

components where possible.  The heat tracing subcontractor shall provide necessary circuit 
breakers, transformers, and components as may be required for a complete and operable heat trace 
system. 

 
2.3 The maximum acceptable heat trace voltage is 120 volts.  The maximum allowed single circuit 

shall be 15 amperes.  Each circuit shall be protected with a 30-milliampere (mA) ground-fault 
circuit (GFCI) breaker. 
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2.4 Loss-of-power alarms shall be provided on critical circuits where specified in the design 
specification. 

 
2.5 All materials used for electrical heat tracing shall be furnished by: 
 

Chemelex 
837 Second Avenue 
Redwood City, CA 94063 

 
or approved equal. 

 
2.6 Each freeze-protection heater element shall be a two-wire cable, self-limiting resistance type and, 

for pipe and equipment tracing, have various inner and outer insulations, sheaths, and temperature 
ratings that vary power output to respond to temperature along its length.   

 
2.7 Thermostats and other controls shall be supplied by the heat tracing vendor.  For application on 

nonmetallic pipe, the heat tract temperature shall not exceed 38° C (100°F). 
 
2.8 Heat transfer cement, fasteners, and other installation materials shall be supplied by the heat 

tracing vendor. 
 
2.9 In addition to the materials required for the initial installation, the heat tracing vendor shall supply 

a sufficient number of splicing kits to enable future removal and/or repair of lines, equipment, 
instruments, etc.  

 
PART 3 - EXECUTION 
 
3.1 The preparation of the surfaces of the piping or equipment to be traced, and the methods, 

hardware, and fittings used for the installation and testing of the system, including heaters, 
thermostats, heat transfer cement, and channels, etc., shall be in strict accordance with the heat 
tracing vendor's recommendations, instructions, and standards. 

 
3.2 All thermostats, power connection splice, tees, and end cap boxes should be mounted above the 

insulation. 
 
3.3 Assistance and field instruction available from the heat tracing vendor should be utilized as 

required. 
 
3.4 After attaching electrical heating cables to piping or equipment system, the cables shall be tested 

at 2,500 volts DC for continuity and insulation resistance to ground measured minimum mega-
ohms.  Where leakage is detected, cabling shall be removed and replaced with new cabling, then 
retested to demonstrate compliance. 

 
3.6 On completion of cable installation, the cable circuit shall be energized and its performance shall 

be demonstrated in accordance with the requirements. 
 
3.7 Testing shall be conducted in accordance with Section 16950, Electrical Testing.  The tracing 

system shall be inspected and accepted by the Project Manager or designee before the insulation is 
installed. 
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3.8 All traced items shall be insulated per Section 15081, Exterior Piping Insulation. 
 
3.9 Each individual length of heating element shall be provided with a metal tag.  The tag shall 

bear a stamped number corresponding to the tracer number shown on the tracer layout.  The 
tag shall be attached to the operating thermostat unless otherwise noted on the drawings.  Tags 
shall be 20 AWG aluminum, 1-1/2 inch diameter with 1/8 inch high lettering and spacing and 
attached with 22 AWG wire, or vendor’s standard. 

 
 
 END OF SECTION 
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 SECTION 16950 
 
 ELECTRICAL TESTING 
  
 
PART 1 - GENERAL 
 
1.01 DESCRIPTION 
 
  A. This section includes a summary of the electrical testing requirements necessary for the acceptance 

of electrical equipment and installations as well as one copy of the form upon which each test is to 
be reported.   

 
  B. The purpose of the specified tests and inspections is to determine that each piece of equipment is in 

satisfactory condition to successfully perform its intended function.   
 
  C. It is the intent of these procedures to ensure that all workmanship, materials, the manner and method 

of erection, and installation conform to manufacturer's instructions and, except as modified herein, 
the National Electrical Code, Institute of Electrical and Electronic Engineers, American National 
Standards Institute, American Society for Testing and Materials, Underwriters' Laboratories, Inc., 
National Electrical Manufacturers Association, and Association of Edison Illuminating Companies 
Standards.  

 
1.02 SUBMITTALS 
 
  A. A report for each test performed  
 
  B. Each report shall be submitted on the form shown in Attachment A.   
 
 
PART 2 - PRODUCTS 
 

Not used.   
 
 
PART 3 - EXECUTION 
 
3.01 RESPONSIBILITY 
 
  A. The subcontractor shall perform and supervise all tests unless specifically noted otherwise herein or 

on the drawings.  The subcontractor shall furnish all test equipment required for the tests performed 
by him and shall be responsible for providing such safety measures as are required for each test.   

 
  B. The subcontractor shall schedule all testing with the Project Manager or designee, and no testing of 

any kind shall be performed without the Project Manager’s or designee’s approval.  
 
  C.  The subcontractor shall notify all involved parties prior to test advising them of the test to be 

performed and the scheduled date and time.   
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  D.  The subcontractor shall give manufacturers sufficient notice to allow the necessary arrangements to 
be made and to have their engineer or representative present at tests where their presence is 
required.  Where the manufacturer's responsibility includes both electrical and mechanical 
performance, the subcontractor shall coordinate the tests with the others involved.   

 
  E.  The subcontractor shall furnish all test equipment required to perform the tests for which he is 

responsible.  For test instruments to be acceptable for use, they must bear a label documenting the 
fact that the equipment has been calibrated during the previous 12 months.  The label must show 
instrument serial number, date of calibration, and name of firm or laboratory performing calibration. 
  

 
  F. The Project Manager or designee will examine the subcontractor's test equipment prior to use and 

may, at his discretion, require that the equipment be submitted to the contractor for a calibration 
check.  Equipment that fails to be within acceptable limits must be submitted by the subcontractor to 
an approved testing laboratory for proper calibration.  The subcontractor must then submit evidence 
of proper calibration to the Project Manager or designee.  

 
  G. The Project Manager or designee will ascertain that all tests specified are performed or waived and 

that all test reports or waivers are retained in the project file.   
 
3.02 FIELD QUALITY CONTROL  
 
  A. Test Reports 
 
    1. The subcontractor shall perform all tests listed in these specifications and shall submit a 

formal test report to the Project Manager or designee for each test conducted.  Each test report shall 
contain, as a minimum, the following information:     

 
a. Job title 
b. Date of test 
c. Equipment, system, or cable identification 
d. Specific type of test 
e. Description of test instrument and date of calibration  
f. Section of specification defining test 
g. Test results (correct all insulation-resistance readings to 20ºC)  
h. Signature of person supervising test  
i. Signature of subcontractor representative  
j. Space for Project Manager or designee signature 

 
2. Test reports shall be submitted on Test Form located in Attachment A unless alternate forms 

are approved by the Project Manager or designee or are required by specific test procedures. 
Upon completion of each test or series of similar tests, the subcontractor shall complete the 
test report(s) and submit them to the Project Manager or designee for approval within five 
working days after the testing is performed.  The Project Manager or designee shall be 
notified within 24 hours when any test results fail to meet acceptance criteria.  
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B. Acceptance 
 

  1. Acceptance of all electrical equipment and cables covered by test procedures shall be 
contingent upon proper execution of the required tests and acceptable test results.  Signing of 
the submitted test report by the Project Manager or designee shall certify Project Manager or 
designee approval of the test.  The Project Manager or designee shall give the subcontractor 
a copy of all signed test reports and distribute copies to Electrical Engineering and 
responsible Operations departments.  The Project Manager or designee shall retain all 
original test reports.   

 
               2. Acceptance of all electrical equipment shall be dependent upon each piece of equipment 

satisfactorily performing its intended function as determined by the Project Manager or 
designee.   

 
               3. The Project Manager or designee may, at their discretion, prepare and issue an acceptance 

report for any accepted piece of equipment or system.  The original copy shall be retained in 
the project file.   

 
 
 END OF SECTION 

G-171



 

 16950-4  

ATTACHMENT A 
 

ELECTRICAL TEST REPORT 
 
 
THIS TEST REPORT IS TO BE USED FOR POWER CABLE, GROUND GRIDS, ETC., AND 
ELECTRICAL EQUIPMENT, SUCH AS TRANSFORMERS, SWITCHGEAR, ETC. 
 
JOB TITLE                                                                   TEST REPORT NO.                                

W. O.                              BLDG.                            PLANT                      DATE                        

WEATHER CONDITIONS                                        SOIL CONDITIONS                          

EQUIPMENT, DESCRIPTION, LOCATION, AND NAME PLATE DATA                                

                                                                                                                                             

                                                                                                                                             

SPECIFIC TYPE OF TEST                                                                                                         

SECTION OF SPECIFICATION DEFINING TEST                                          PAGE                       

ACCEPTABLE VALUE:  MIN.                                              MAX.                                      

                                                                                                                                             
                                                                                                                                             
                                                                                                                                             
                                                                                                                                             
TEST INSTRUMENT                                                                                                                

MODEL NO.                                                              CALIBRATION DATE                              

 
 
 
TEST PERFORMED BY                                                COMPANY                                            
 
TEST SUPERVISED BY                                                COMPANY                                            
 
TEST WITNESSED BY                                                 COMPANY                                            
 
PROJECT MANAGER OR DESIGNEE          
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SECTION 18100 
 
 GENERAL WELDING REQUIREMENTS 
 
 
PART 1 - GENERAL  
 
1.01 SECTION INCLUDES:  
 
A. Welding fabrication and construction activities occurring both on-site and off-site.  These 

requirements apply to structural welding, pipe welding, and ductwork welding when invoked by 
other technical sections or when drawings require fabrication to codes referenced in this document. 
 These requirements do not apply to work on ASME-stamped components, AWWA tanks, or API 
tanks.  

 
B. Special Qualification Requirements for Welding  

 
          1. If conditions of access for welding require the use of a mirror, the welder shall demonstrate 

his/her ability to weld using a mirror on a welder qualification test under access conditions 
which simulate the production conditions.  

 
           2. If conditions of access for any weld are such that the welder and/or the welder's 

supervisor/foreman determines that it is doubtful that the weld can be successfully made, the 
supervisor/foreman shall either:  

 
a. Have the welder weld a mockup duplicating the conditions that make the success of the 

weld questionable.  The weld mockup shall be examined in the same manner and meet 
the same requirements as required for the production weld, or;  

 
          b. Request that the designer evaluate the connection for redesign to provide for adequate 

access for welding.  
 

3. Examiners shall include, in inspections and in spot checks, an evaluation of the adequacy of 
conditions for making acceptable welds.  

 
4. Prior to manually making complete penetration pipe welds in difficult to weld materials (e,g., 

Nickel, Hastelloy, Monel, Inconel, Haynes 556), each welder shall successfully demonstrate ability 
to weld these materials by one of the following:  

 
a. Weld a mockup in the horizontal pipe position or a welder qualification test on the same 

material as the production welds.  Radiograph the mockup weld and examine to the same 
requirements as the production weld.  Submit the request for the test on the form included on 
Attachment A.  

 
b. With prior approval of the Project Manager or designee, radiograph the first production weld 

completed by the welder.  
 

c. Submit the examination record for an on-site production weld of the same materials as the 
specified production welds, welded within the previous six months, which was radiographed 
and found to be acceptable without repair.  
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5. Conduct a pre-job briefing with the welders and supervisors to review special welding requirements 
resulting from the materials, personal protective equipment, or accessibility restrictions.  

 
1.02 RELATED SECTIONS  
 
A None.  

 
1.03 REFERENCES  
 
A. AWS D-1.1, Structural Welding Code, Steel, 1998 Edition. 

 
B AWS D-1.2, Structural Welding Code, Aluminum, 1997 Edition.  

 
C. AWS D-1.3, Structural Welding Code, Sheet Steel, 1989 Edition.  

 
D. AWS B-2.1, Standard for Welding Procedure and Performance Qualification, 1984 Edition.  

 
E. AWS D-9.1, Sheet Metal Welding Code, 1990 Edition.  

 
F. AWS QC-1, Specification for Qualification and Certification of Welding Inspectors, 1996 Edition.  

   
 

G. ASME Boiler and Pressure Vessel Code, Sect. IX, Welding and Brazing Qualifications, 1998 
Edition. 

 
H. ASME Boiler and Pressure Vessel Code, Sect. V, Nondestructive Examination, 1998 Edition.  

 
I. ASME Boiler and Pressure Vessel Code, Sect. II, Part C, Material Specification, 1998 Edition.  

 
J. Technical Specification Div. 18B, On-Site Welding, January 1999 Edition (available on request).   

 
K. ASME B31.3, Chemical Plant and Petroleum Refinery Piping, 1996 Edition. 

 
L. ASNT, Recommended Practice SNT-TC-1A, December 1996 Edition. 
 
1.04 DEFINITIONS 
 
A. Engineer:  The engineering organization or representative responsible for the design of the system, 

component, or structure.  
 

B. Examination:  Nondestructive examination performed on a weld to determine its compliance with 
established acceptance standards.  A visual examination evaluates specifically listed attributes to 
established acceptance criteria.  Only certified examiners perform examinations.  

 
C. Examiner:  A qualified and certified individual who performs examinations and inspections.  

 
D. Faying Surface:  The mating surface of a member which is in contact with or in close proximity to 

another member to which it is to be joined.  
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E. Inspection:  Oversight function of welding provided by the Project Manager or designee to verify 
that specified requirements applicable to the welding program are satisfied.  

 
F. Spot Check:  Random observation by an individual designated by the organization performing 

welding activities to verify conformance to the welding program requirements of this specification.  
 

G. Procedure Qualification Record (PQR):  Written documentation of the qualification of a welding 
procedure specification (WPS) by examination and testing of physical weld specimens made using 
the WPS.  

 
H. Performance Qualification Test (PQT):  Standard performance test(s) which a welder must 

successfully pass in order to be qualified to weld.  The requirements for these tests are based on a 
qualified WPS and establish a specific range of essential variables the welder is qualified for. 

 
I. Shared WPS:  A welding procedure specification that, when qualified by one company, may be 

used by another company without additional testing after accepting it in writing.  
 

J. Welder Performance Qualification (WPQ):  The record which documents a welder's successful 
completion of a performance qualification test and establishes the range of variables the welder is 
qualified for.  

 
K. Welding Procedure Specification (WPS):  A written document which establishes the essential, 

nonessential, and supplementary essential (when required) variables for welding and provides 
direction to the welder for making production welds to ensure compliance with requirements.  

 
L. Weld Sketches:  Informal sketches that show the location of welds in a system so that 

documentation such as certified material test reports, welder identification, and weld examination 
records can be traced to the weld it represents. 

 
1.05 SUBMITTALS  
 
A. All Welding  

 
1. The following summarizes submittals required for performing all welding activities.  

Approval of the following by the Project Manager or designee are required prior to welding.  
 

a. WPQ records, including evidence of updates.  
 

b. WPSs and PQRs (unless prequalified per AWS D-1.1).  
 

c. Visual examination and nondestructive examination procedures.  
 

e. Qualifications of examination personnel.  
 

2.  Submit nondestructive examination reports including two complete sets of radiographs of all 
welds radiographed prior to delivery of the equipment.  
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1.06 QUALITY ASSURANCE  
 
A. Welding to this specification requires that welders, welding procedures, examiners, and 

examination procedures meet the requirements specified in Part 2 and Part 3.  For all welding, the 
Subontractor performs examinations using personnel and procedures approved by the Project 
Manager or designee. 

 
PART 2 - PRODUCTS  
 
2.01 MATERIAL REQUIREMENTS  
 
A. Welding Rods and Electrodes 

 
1.  Verify filler materials delivered are legibly marked in accordance with the General 

Requirements for each specification listed in AWS or the ASME Boiler and Pressure Vessel 
Code, Sect. II, Part C, Material Specifications.  

 
2.  Verify bare filler material is identified with the applicable classification and/or specification 

numbers and is attached to each rod, strip, coil, or spool.  Label each piece of rod when it is 
separated from a labeled rod.  

 
3.  Control, handle, and identify welding rods and electrodes at all times to avoid material 

degradation or inappropriate usage and to ensure they are identifiable as acceptable material 
until the material is consumed in the welding process.  

 
a. Unless otherwise specified by the Project Manager or designee, store and handle 

low-hydrogen electrodes in accordance with AWS D-1.1.  
 

4.  Technical Specifications 15137 and 15142 require Certified Material Test Reports for 
stainless steel and alloy filler materials.  Heat number traceability to the time of consumption 
is required by these technical specifications for these materials.  Purchase either ASME 
Section III, Class 3 filler materials, or filler materials with a minimum of Schedule H level of 
testing and lot classification Class S3 per AWS A5.01.  

 
a. Use ASME SFA 5.11 or AWS A5.11, Classification ER NiCu-7 filler materials for 

Sect. 15137 or 15142 Monel welds.  
 

B. Base Material Control 
 

1. Control base material and the marking of cut material to ensure the material is 
identifiable and traceable to applicable documentation when required by the Technical 
Specification or Contract.  

 
2.02 WELDING REQUIREMENTS  
 
A. Welding Procedures  

 
1. Prepare written welding procedures and qualify them for the scope of welding required in 

accordance with the applicable code in paragraph 3.01.  
2. Written approval of the WPS and PQR is required prior to welding. 
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B. Qualification of Welders  

 
1. Qualify welders and welding operators using the appropriate approved and qualified welding 

procedure specification.  Submit records of welder qualification, including updates, required 
by the applicable code for the procedure.  The welder performance qualification 
requirements and limits of qualification are those of the code for which the procedure is 
qualified.  

 
2. Written approval of the welder performance qualification records is required prior to 

welding.  
 
C. Welder Identification  

 
1. The Subcontractor assigns each welder or welding operator a unique identification symbol.  

Welders use this symbol to identify each weld, either by stenciling or marking the symbol 
adjacent to the weld or by records traceable to the weld joint.  

 
2.03 INSPECTION/EXAMINATION OF WELDS  
 
A. The Subcontractor is responsible for the performance and documentation of specified weld 

examinations.  These examinations shall be performed by qualified Subcontractor personnel or by 
an outside qualified examination service.  The following applies for examination of all welds:  

 
1. Certify examination personnel per the requirements in Part 3 of this specification.  
 
2. Submit weld examination procedures for approval in accordance with the applicable 

construction code in Part 3 of this specification prior to welding.  
 

3. Examine welds in accordance with Part 3 of this specification.  
 

4. Prepare and file nondestructive examination reports.  Submit them to the Project Manager or 
designee prior to final acceptance of work.  

 
B. Welds and weld records are subject to inspection by the Contractor.  The Contractor may request 

additional weld examinations on any weld to establish the quality of the weld.  The Contractor 
reserves the right to accept, reject, or demand removal of welds which are interpreted by the 
Contractor to be in violation of this specification.  

  
 

PART 3 - EXECUTION  
 
3.01 GENERAL WELDING REQUIREMENTS  
 
A. Make groove and butt welds complete joint penetration and continuous unless specified otherwise 

by the Project Manager or desginee.  Backwelding of groove welds is acceptable.  Weld size and 
length shall comply with design tolerances as indicated in the specifications, drawings, and 
referenced codes.  Do not change the location of welds without the approval of the engineer. 

 
B. Structural Welding 
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1. Compliance with AWS D-1.1 is required for structural welding.  For structural welding not 

prequalified per AWS D-1.1 (e.g., stainless steel, aluminum, and sheet metal), qualify 
welding procedures in accordance with the requirements of AWS B-2.1, AWS D-1.2, 
AWS D-1.3, or ASME Sect. IX.  Qualify welders in accordance with the code used to 
qualify the WPS.  All other requirements of AWS D-1.1 not associated with the WPS or the 
welder qualification apply.  

 
b. Do not use copper or aluminum temporary backing without approval.  

 
c. Unless otherwise noted on the drawing or specification, make welds complete 

penetration in accordance with AWS D-1.1.   
 

d. GMAW with short circuiting transfer is prohibited for structural welding.   
 
C. Pipe Welding  

 
1.  Weld piping systems in accordance with ASME B31.3.  

 
a. Use the gas tungsten arc process for welds in the following materials:  

 
1)  butt welds in piping 1 1/2-in. outside diameter and smaller,  

 
2)  the root pass of stainless steel piping,   

 
3)  copper and copper-base alloy piping, and  

 
4)  the root pass of nickel and nickel-base alloy piping.  

 
b. Purge the back side of the weld with Argon for the following materials until a minimum 

of 3/16-in. material thickness separates the weld from the back side of the weld.  
Analyze the purge with an oxygen analyzer to assure that oxygen does not exceed 1%.  

 
1)  stainless steel and  

 
2)  nickel and nickel-base alloys.  

 
c. Do not use copper or aluminum as temporary backing for pipe welding.  

 
d. Do not use backing rings unless permitted on the drawing or in the piping specification.  

 
e. Do not use the SMAW, FCAW, or SAW process for root pass welding of stainless steel 

piping welds.  
 

f. The GTAW, SMAW, GMAW, or FCAW process may be used for fillet welds or groove 
welds in pipe, fittings, and branch connections larger than 1 ½ inch outside diameter.  

 
g. GMAW with short circuiting transfer is prohibited for pipe welding.  

 
D. Ductwork Welding  
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1.  Compliance with AWS D-9.1 is required for ductwork welding.  AWS D-9.1 applies to 

welds in or to the duct pressure boundary. 
 

a. Welds for ductwork stiffener and support materials may be made using WPSs qualified 
to AWS D-9.1, AWS D-1.1, or ASME Sect. IX provided the welders are qualified to the 
same code used to qualify the WPS.  All other requirements of AWS D-9.1 not 
associated with the WPS or welder qualification apply. 

 
b. Ductwork fabricated from pipe may be made using WPSs qualified to the requirements 

of ASME Sect. IX provided the welders are qualified to ASME Section IX.  All other 
requirements of AWS D-9.1 not associated with the WPS or welder qualification apply.  

 
c. Unless otherwise specified on drawings or standards, make continuous fillet welds when 

the root or face is in contact with the contained media to eliminate cracks and crevices.  
 

d. Make pressure boundary weld joints continuous. 
 

e. Grind weld joints which are a portion of a gasket seating surface smooth and flush with 
adjacent base metals. 

 
f. Wire brush welded joints and seams to remove surface oxides, burrs, sharp edges, and 

weld spatter. 
 

g. Brush stainless steel material with clean, stainless steel wire brushes which have not 
previously been used on materials other than stainless steel.  

 
h. GMAW with short circuiting transfer is prohibited for ductwork welding of materials 

greater than 1/8 in. thick. 
 
3.02 PERSONNEL CERTIFICATION REQUIREMENTS FOR WELD EXAMINATIONS  
 
A. Personnel performing nondestructive examination other than visual shall be currently certified per 

the employers’ written practice in accordance with SNT-TC-1A.  Only individuals certified as NDT 
Level II or III may perform nondestructive examinations in accordance with this specification.  

 
B. Personnel performing visual examination of welds shall be currently certified either as an AWS 

CWI or as a visual testing Level II per the employers’ written practice in accordance with SNT-TC-
1A.  If certified in accordance with SNT-TC-1A, the training and experience requirements shall be 
satisfied entirely by time spent in weld examination related work.  

 
C. The Level III shall, in the methods certified, conduct the examination of Level II personnel for 

those same methods. 
 
 
 
3.03 EXAMINATION OF STRUCTURAL WELDS 
 
A. Required Examinations  
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1. Visually examine all completed structural welds in accordance with AWS D-1.1, Sect. 6.  
 

B. Examination Procedures and Acceptance  
 

1. Perform examinations to written procedures in accordance with AWS D1.1.  Submit weld 
examination procedures for approval prior to welding. 

 
2.  Acceptance criteria for examination of structures is in accordance with the criteria for 

Statically Loaded Nontubular Connections of AWS D-1.1, Table 6.1. 
 

3.  Acceptance criteria for examination of dynamically loaded structures is per the criteria for 
Cyclically Loaded Nontubular Connections AWS D-1.1, Table 6.1.  (The drawing identifies 
structures or components designed for dynamic loading.  This is used for bridges and where 
other special vibrating loads are encountered.)  

 
3.04 EXAMINATION OF PIPING WELDS 
 
A. Required Examinations  

 
1. Examination Required for Category D Fluid Service Pipe Welding 

 
a. The inspector shall randomly select a sufficient number of welds (5% min) for 

examination in order to be satisfied that they conform to the specification.  Include welds 
made by each welder or welder operator in those examined.  Perform a final visual 
examination of these welds in accordance with ASME B31.3, para. 341.4.1(a). 

 
b. If a random examination reveals a defect, the requirements of ASME/ANSI B31.3, 

para. 341.3.4, Progressive Examination, apply.  
 

2. Examination Requirements for Normal Fluid Service Pipe Welding 
 

a. The inspector shall randomly select a sufficient number of welds (5% min) for 
examination in order to be satisfied that they conform to the specification.  Include welds 
made by each welder or welder operator in those examined.  Perform a final visual 
examination of these welds in accordance with ASME B31.3, para. 341.4.1(a). 

 
b. Examine fully by random radiography in accordance with ASME B31.3, para. 344.5, the 

circumferential butt and miter groove welds selected for visual examination.  Include at 
least 1 1/2 in. of the longitudinal welds which intersect the circumferential or miter 
groove welds in the radiographs.  

 
c. Perform a final visual examination of fabricated longitudinal welds (excluding those in 

components made in accordance with a material specification) in accordance with 
ASME B31.3, para. 341.4.1(a).  

 
d. Radiograph 100% of fabricated longitudinal welds (excluding those in components made 

in accordance with a material specification) in accordance with ASME B31.3, 
para. 344.5.  

 
e. When approved by the Engineer in writing, the in-process visual examination alternative 
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to radiography described below may be substituted for every field weld that it is not 
practical to move to a remote location for radiography.  

 
f. If a random examination reveals a defect, the requirements of ASME B31.3, 

para. 341.3.4, Progressive Examination, apply.  
 

3. Examination Requirements for Special Service  
 

a. Perform a visual examination of the weld joint fit-up of all welds to assure, at a 
minimum, that markings and certifications are in accordance with specified 
requirements, the base metals are of specified thicknesses and types, materials are free 
from contaminants, fit-up meets the joint detail for the welding procedure specification, 
the weld purge is set up properly and exit gas is being analyzed with calibrated 
equipment, and the welder is qualified to make the weld. 

 
b. Perform a final visual examination of all welds (not just the 5% specified by ASME 

B31.3) in accordance with ASME B31.3, para. 341.4.1(a). 
 

c. Examine fully by radiography all circumferential butt and miter groove welds in 
accordance with ASME B31.3, para. 344.5. Include at least 1 1/2 in. of the longitudinal 
welds which intersect the circumferential or miter groove welds in those radiographed.  

 
d. Fully radiograph 100% of fabricated longitudinal welds (excluding those in components 

made in accordance with a material specification) in accordance with ASME B31.3, 
para. 344.5.  

 
e. Liquid-penetrant examine all pressure boundary welds and attachment welds to the 

pressure boundary after completion of the last layer of weld in accordance with 
ASME B31.3, para. 344.4.  

  
 
The in-process alternative to radiography is not permitted for hydrogen fluoride service. 
 

 
f. When approved by the Engineer in writing, the following alternative to radiography may 

be substituted for every field weld that it is not practical to move to a remote location for 
radiography.  

 
1)  in-process examination as described below;  

 
2)  liquid-penetrant examine the root layer and the final welds in accordance with 

ASME B31.3, para. 344.4.  
 
 

4.  In-process Examination Requirements  
 

a. When approved by the Engineer, perform the following visual examinations as a 
substitute for the required radiography:  

 
1)   joint preparation and cleanliness;  
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2) preheating;  

 
3) fit-up, joint clearance, and internal alignment prior to joining;  

 
4) variables specified by the joining procedure, including filler material, position, 

electrode, etc; 
 

5) condition of the internal weld root surface by direct visual examination, by the use 
of a borescope, or by using the “window method” of examining the partially 
completed weld root prior to final closure of the weld roots;  

 
6) condition of the root pass external surface after cleaning aided by liquid penetrant or 

magnetic particle examination when specified in the engineering design (As is the 
case for 15128); 

 
7) slag removal and weld condition of at least each layer of weld metal.  The welder 

shall notify the examiner after each layer of weld before progressing to the next 
layer; 

 
8) a final weld examination for at least the attributes and to the acceptance criteria 

specified in ASME B31.3.  
 

b. The weld examiner records individual weld examination for in-process examinations. 
 

B. Examination Procedures and Acceptance Criteria  
 

1. Perform examinations to written procedures in accordance with ASME B31.3, para. 343. For 
radiography, the geometric unsharpness shall not exceed the limits of ASME Section V, 
paragraph T-285.  Two complete sets of acceptable radiographs for each weld radiographed 
are required.  Submit weld examination procedures for approval prior to welding. 

 
2. The acceptance criteria of ASME B31.3, para. 341.3.2, and Table 341.3.2 for normal fluid 

service apply for visual and radiographic examination with the exception that incomplete 
penetration for complete penetration welds is unacceptable. 

 
3. The acceptance criteria for liquid-penetrant examination follows:  

 
a. Relevant indications are those with major dimensions greater than 1/16 in.  

 
b. The following relevant indications are unacceptable:  

 
1) cracks;   

 
2) linear indication (indication whose length is more than three times its width);  

 
3) rounded indications with dimensions greater than 3/16 in.;  

 
4) four or more rounded indications in a line separated by 1/16 in. or less edge to edge; 

and  
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5) ten or more rounded indications in any 6 in.2 of surface area with the major 

dimension of this area not to exceed 6 in. and with the area taken in the most 
unfavorable location relative to the indications being evaluated. 

 
3.05 EXAMINATION OF DUCTWORK WELDS 
 
A. Required Examinations  

 
1. Visually examine all final ductwork welds. 

 
2. For ductwork systems, visually and liquid-penetrant examine the final weld surface of all 

pressure boundary and wetted perimeter welds, in accordance with ASME V, Article 6.  
 
B. Examination Procedures and Acceptance Criteria  

 
1. Perform visual examinations to written procedures in accordance with AWS D9.1.  Perform 

liquid penetrant examinations to written procedures in accordance with ASME Section V, 
Article 6, or ASTM E-165.  

 
2. The acceptance criteria of AWS D-9.1, para. 6 applies for visual examination of welds.  

 
3. Indications exceeding 1/16 in. in any dimension are rejectable for liquid-penetrant 

examinations.  
 
 
 
 
 END OF SECTION 
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 SHAW SPEC. NO.

EQUIPMENT SPECIFICATION 122064-A102
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET     

1  OF  1

B TDS 7/7/08  PROJECT NAME

C-400 SOIL VAPOR & GWTS
    PROJECT:     C-400 SOIL VAPOR &  JOB  NO.

    GROUNDWATER TREATMENT 2 122064
    SYSTEMS  LOCATION

    AREA:     C-400 CLEANING BLDG PADUCAH, KY
    TAG NO.:     A-102 3  BY  APPR  DATE
    EQUIP:     AIR STRIPPER TDS SES/KT 7/7/08

Process Data:
Fluid: Groundwater
Normal Flow Rate: 60 gpm
Min Flow Rate: 20 gpm
Max Flow Rate: 90 gpm
Fluid Temp: 50-195oF
Fluid pH: 2.0-7.0
Fluid Spec Gravity: 1.0
Air Temperature: 0 to 110 oF

Groundwater Composition: Influent Conc. Discharge Limit Percent
(Note1) Removed

Analyte/Design Trichloroethene 1,100  ppm 30 ppb 97.0
Parameter Vinyl Chloride 133 ppb 530 ppb -

trans-1,2-Dichloroethane 1,200 ppb 140,000 ppb -
cis-1,2-Dichloroethene 195 ppb No limit specified -
1,1-DCE 154 ppb 3.2 ppb -
Technetium-99 40 - 160 pCi/L 900 pCi/L -
Total Suspended Solids 10 - 50 ppm 30 ppm daily avg/ 60 ppm daily max
Total Dissolved Solids N/A No limit -
Turbidity N/A No limit specified -
Chloride 70 - 160 ppm 600 ppm daily avg/ 1200 ppm daily max

Design Data:
Equipment Location: Outdoors
Ambient Temp: 0 to 110 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
Design Pressure: Full of Water
Materials of Construction: 304L Stainless Steel (air stripper wetted parts)

Notes:
1.  Discharge limits are based on 401 KAR 5:031 standards discharge through KPDES permitted Outfall 001.
2.  Vendor shall provide a skid mounted air stripping system including air stripper and all instrumentation and controls noted
     within the boundaries of the vendor's package system.  The system should be prepiped and prewired to the extent 
     practical prior to shipment to the owner's site.  The vendor shall fabricate a control panel to house electrical  
     devices such as motor starters, relays, push buttons, pilot lights, instrument displays, and other electrical apparatus and
     controls.  
3.   Vendor shall provide stainless steel I.D. tags for all equipment and instrumentation within scope of supply.
4.  The vendor shall clearly state any exceptions to the requirements outlined in this data sheet.

Data to be Provided by Vendor:
Equipment Arrangment Plan and Elevation Drawings
Equipment Materials of Construction
Stripper Vessel/Column Liquid Holdup (including Sump Capacity)
Skid Weight
Fan Performance Curve
Fan Horsepower
Stripper Effluent Concentrations @ Maximum Groundwater Flow
Stripper Design Min & Max Flow Range
Equipment and Instrument Cut Sheets
Air Stripper System P&ID
Required Fluid Pressure at Maximum Flow Rate

internal 
review
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BLOWER SPECIFICATION  SHAW SPEC. NO.
122064-B101 A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET 1 OF 1

B TDS 7/7/08 for internal review  PROJECT NAME
C-400 SOIL VAPOR & GWTS

PROJECT: C-400 SOIL VAPOR &  JOB  NO.
GROUNDWATER TREATMENT 122064
SYSTEMS  LOCATION

AREA  NAME: C-400 CLEANING BLDG PADUCAH, KY
TAG NO.: B-101A & B  BY APPR DATE
EQUIP. NAME: VACUUM BLOWER TDS SES 7/7/08

1 Manufacturer: Roots or Equivalent Model No.: *
2 No. of Units: 2 (Two)
3 Description of Gas and Materials Handled: Air saturated w/water @105 deg.F w/ max. 20,000 ppmv TCE
4 Inlet Flow 1,037    SCFM S.P.  11 Inches Hg Vacuum Temp.: 105 deg. F Gas Density: 0.0452 Lbs/Cu.Ft.
5 G Hours per day operation:  24 Outlet Press.:  20    Inches Water
6 E Noise Rating Per Attached Noise Level Spec. No. Maximum 85 dB at 3 feet
7 N WHEEL: Diameter: * Inches Gage and Material of Rims: Mild Steel Blades: Mild Steel
8 E HOUSING GAGE & MATERIALS: 1/4" PL. Mild Steel Sides Mild Steel Tube (Axial)
9 R Performance Curves: YES Curve No.: * Mfr. Size & Type: Weight: * Lbs.

10 A R.P.M.: 1780 B.H.P. Required: 58  Mech. Efficiency Outlet Velocity
11 L BEARINGS: Type: * Make: * Manufacturers No.:
12 SHAFT: Diameter at Bearings: * inches Diameter at Wheel: inches  
13 Distance Between Bearings: Distance from Bearing to Fan Wheel:
14 Maximum Shaft Speed:
15
16 C Arrangement: #6 Rotation: Discharge:
17 N Single Width? YES Double Width? Single Inlet? YES Double Inlet?
18 T SPECIAL FEATURES REQUIRED: Flanged Inlet and Outlet? YES Drain in Housing?  YES 1" DIA. DRAIN
19 R Clean Out in Housing? YES Split Housing? Water Jacketed Bearings?
20 F Shaft Seals? YES Inlet or Outlet Dampers? YES Other: GUARDS & SCREENS
21 G
22 L  
23 Vertically or Horizontally Mounted?
24 A Tubeaxial? Vaneaxial? Arrangement: Rotation:
25 X TYPE OF INLET AND OUTLET: Streamlined Inlet? Inlet Cone? Outlet Cone?
26 I SPECIAL FEATURES REQUIRED Access Doors? Support Legs? Motor Hood?
27 A Inlet or Outlet Guard? Outside Belt Guard? Flanged Inlet & Outlet? Other:
28 L
29
30 P Horizontally or Vertically Mounted?
31 R Direct Drive? High Capacity Static Conducting V-Belt Drive?
32 P SPECIAL FEATURES REQUIRED: Safety Guards? Shutters? Other:
33 L Description of Guard & Shutter:
34 R Adjustable Pitch? Automatic Variable Pitch?
35
36 Furnished By: FAN MFG'R Elec. or Steam Turbine? ELEC./ VFD Direct, Gear, Belt or V-Rope? BELT
37 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
38   Mounted By: FAN MFG'R Enclosure: TEFC   Mounted By: Model:
39 D   Speed: 1800 rpm Service Factor: 1.5   Horsepower: HP Water Rates: Lbs/Hr
40 R   Volts: 480 Temp. Rise:   Speed rpm Vacuum (if any):
41 I   Phase: 3 Insulation:   Inlet Steam Press.: Inlet Steam Temp.:
42 V   Cycles: 60 Frame: Normal: psig Normal: deg. F
43 E   Nominal Size * HP Est. BHP Req'd: 58 HP Max.: psig Max.: deg F
44 R SPEED REDUCERS: Mfr.: *   Backpressure: psig
45   Ratio:    Model: * Nozzles Size        Rating       Facing     Location
46   Integral or Separate? Class: * Inlet
47 Exhaust
48 Sesimic Design - Kentucky Category E, Ss=2.56 g, S1=0.78 g
49 1. BLOWER MFG'R TO PROVIDE VARIABLE FREQUENCY DRIVE (VFD) FOR EACH BLOWER.
50 N 2. BLOWER TO BE POSITIVE DISPLACEMENT, LOBE TYPE BLOWER.
51 O 3. Gas flow for blower sizing:  Air = 7,272 lb/hr,  Water vapor = 572 lb/hr, Trichloroethylene = 571 lb/hr

    Inlet flow scfm at 32 F, 14.7 psia
4. BLOWER MFG.TO PROVIDE INLET CONTROL DAMPERS; INLET SILENCERS, INLET FILTERS, AND ASSOCIATED CONTROL INSTRUMENTA

52 T 5. BLOWER  MFG. TO SUPPLY:  a) ADJUSTABLE SLIDE BASE FOR MOTOR, b) OSHA GUARDS FOR V-BELT AND SHAFT/BEARINGS,
       c) THERMAL OVERLOAD PROTECTION, and  d)  A  RUN TIME  METER.

53 E 6.  VENDOR SHALL PROVIDE STAINLESS STEEL I.D. TAG FOR THE EQUIPMENT.
54 S 7.  AMBIENT DESIGN CONDITIONS ARE:  15 DEG. F.  TO  +120 DEG. F.
55 8.  'VENDOR TO COMPLETE REMAINING APPLICABLE INFORMATION MARKED "*".
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ION EXCHANGE UNIT  SHAW SPEC. NO.

SPECIFICATION 122064-C102 A,B
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REVISION  SHEET    1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

C-400 SOIL & VAPOR GWTS
PROJECT: C-400 SOIL VAPOR &  JOB  NO.

GROUNDWATER TREATMENT 1 122064
SYSTEMS LOCATION

AREA: C-400 CLEANING BLDG PADUCAH, KY
TAG NO.: C-102A,B 2  BY  APPR  DATE
EQUIPMENT: ION EXCHANGE TDS SES/KT 1/9/07

1 Field Erected? NO No. Units: One w/2 Tanks
2 Operating Pressure: psia 20
3 Operating Temperature: F 100
4 Contents Lethal? NO
5 Design Pressure: PSIG 70
6 Design Temperature: F 120
7 Process Fluid: Treated Groundwater
8 D Volumetric Flow Rate: GPM 100
9 E Vessel Volume (each Tank): cu.ft.

10 S Resin Material Type: Purolite A-520E -Anion exchange resin
11 I Quantity resin material in each tank: cu.ft. 80 cu. ft / tank  (actual resin volume)
12 G Tank Diameter: ft. 5
13 N Tank Height: ft. 7
14 Shell Corrosion Allowance:
15 D Code: Stamp:
16 A Radiograph: Stress Relieve: NO
17 T Type Supports:
18 A Insulation: NO
19 Sandblast: YES Paint: YES
20 Manhole: YES Hinged? NO Davited? NO Other:
21 Platform Clips: NO Ladder Clips: NO Insul. Rings:
22 Pipe Supports: NO
23 Wind Load: 90 mph Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
24 Weight Empty: * lbs Weight with Adsorber: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * CS SA-516 70
27 M Heads * CS SA-516 70
28 A
29 T
30 E
31 R
32 I
33 A Nozzle Necks A-53 CS
34 L Flanges A-105 CS (150 #)
35 S M.H. Cover N/A  
36 Supports A-36 CS
37 Bolts/Studs Studs CS
38 Nuts Heavy Hex Alloy
39 Gaskets
40 Service    Mark No.    Size   Rating    Face    Type
41 Inlet A 1 *    
43 N Outlet B 1 *    
44 O Vent G 1 *    
45 Z Drain D 1 *    
46 Z Manway E 1 18 "    
47 L G
48 E H
49 S J
50 K
51 L  
52 M  
53 1. Ion exchange beds are used to remove any possible Technetium-99 in the water.
54 N 2. Each tank contains a minimum of 80 cubic feet of usable resin.
55 O 3. Ion exchange is skid mounted with all pipe and valves needed to allow either bed to operate
56 T     as the lead or lag unit.
57 E 4. Tank interior will require epoxy coating.
58 S
59
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CARBON ADSORBERS  SHAW SPEC. NO.
SPECIFICATION 122064-C103 A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REVISION SHEET   1 OF 1

  TDS 1/17/07 for internal review  PROJECT NAME
C-400 SOIL & VAPOR GWTS

PROJECT: C-400 SOIL VAPOR &  JOB  NO.
GROUNDWATER TREATMENT 1 122064
SYSTEMS LOCATION

AREA: C-400 CLEANING BLDG PADUCAH, KY
TAG NO.: C-103A,B 2  BY  APPR  DATE
EQUIPMENT: LIQUID CARBON ADSORBERS TDS SES/KT 1/9/07

1 Field Erected? NO No. Units: One w/2 Vessels
2 Operating Pressure: psia 20
3 Operating Temperature: F 100
4 Contents Lethal? NO
5 Design Pressure: PSIG 80
6 Design Temperature: F 150
7 Process Fluid: Treated Groundwater
8 D Volumetric Flow Rate: GPM 100
9 E Vessel Volume (each Tank): cu.ft. 93   (actual carbon volume)

10 S Adsorber Material Type: Activated Carbon
11 I Quantity adsorber material in each adsorber 2,500 lbs / adsorber
12 G Tank Diameter: ft. 5
13 N Tank Height: ft. 7
14 Shell Corrosion Allowance: *
15 D Code: Stamp:
16 A Radiograph: Stress Relieve: NO
17 T Type Supports: *
18 A Insulation: NO
19 Sandblast: YES Paint: YES
20 Manhole: YES Hinged? NO Davited? NO Other:
21 Platform Clips: NO Ladder Clips: NO Insul. Rings:
22 Pipe Supports: NO
23 Wind Load: 90 mph Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
24 Weight Empty: * lbs Weight with Adsorber: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * CS SA-516 70
27 M Heads * CS SA-516 70
28 A
29 T
30 E
31 R
32 I
33 A Nozzle Necks A-53 CS
34 L Flanges A-105 CS (150 #)
35 S M.H. Cover N/A  
36 Supports A-36 CS
37 Bolts/Studs Studs CS
38 Nuts Heavy Hex Alloy
39 Gaskets
40 Service    Mark No.    Size   Rating    Face    Type
41 Inlet A 1 *    
43 N Outlet B 1 *    
44 O Vent G 1 *    
45 Z Drain D 1 *    
46 Z Manway E 1 18 "    
47 L G
48 E H
49 S J
50 K
51 L  
52 M  
53 1. Carbon adsorbers are used to remove any residual VOCs in the water.
54 N 2. Each tank contains 2,500 lbs of usable carbon.
55 O 3. Carbon adsorber is skid mounted with all pipe and valves needed to allow either bed to operate
56 T      as the lead or lag unit.
57 E 4. Tank interior will require epoxy coating.
58 S 5. The carbon beds will require change out every 2 to 4 weeks.
59
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CARBON ADSORBERS  SHAW SPEC. NO.
SPECIFICATION 122064-C106 A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REVISION SHEET   1 OF 1

B TDS 7/07/08 for internal review  PROJECT NAME
PROJECT: C-400 SOIL VAPOR & C-400 SOIL & VAPOR GWTS

GROUNDWATER TREATMENT  JOB  NO.
SYSTEMS 1 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: C-106A,B PADUCAH, KY
EQUIPMENT: POLISHING VAPOR CARBON 2  BY  APPR  DATE

ADSORBERS TDS SES/KT 7/07/08
1 Field Erected? NO No. Units: One w/ dual cells
2 Operating Pressure: psia 14.7 to 16.0
3 Operating Temperature: F 70
4 Contents Lethal? NO
5 Design Pressure: PSIG 2
6 Design Temperature: F 120
7 Process Fluid: Vapor from Vapor Recovery System
8 D Air Volumetric Flow Rate: ACFM 1900
9 E Vessel Volume (each Adsorber): cu.ft. 70   (actual carbon volume)

10 S Adsorber Material Type: Activated Carbon
11 I Quantity adsorber material in each adsorber: 2,000 lb /each
12 G Adsorber Diameter: ft. 5
13 N Adsorber Height: ft. 7
14 Shell Corrosion Allowance:
15 D Code: Stamp:
16 A Radiograph: Stress Relieve: NO
17 T Type Supports:
18 A Insulation: NO
19 Sandblast: YES Paint: YES
20 Manhole: YES Hinged? NO Davited? NO Other:
21 Platform Clips: NO Ladder Clips: NO Insul. Rings:
22 Pipe Supports: NO
23 Wind Load: 90 mph Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
24 Weight Empty: * lbs Weight with Adsorber: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * CS SA-516 70
27 M Heads * CS SA-516 70
28 A
29 T
30 E
31 R
32 I
33 A Nozzle Necks A-53 CS
34 L Flanges A-105 CS
35 S M.H. Cover N/A  
36 Supports A-36 CS
37 Bolts/Studs Studs CS
38 Nuts Heavy Hex Alloy
39 Gaskets
40 Service    Mark No.    Size   Rating    Face    Type
41 Inlet A 1 *    
43 N Outlet B 1 *    
44 O Vent G 1 *    
45 Z Drain D 1 *    
46 Z Manway E 1 18 "    
47 L G
48 E H
49 S J
50 K
51 L  
52 M  
53 1.  Adsorbers are designed to remove low levels of VOCs (20 to 50 ppmv).
54 N 2. Each adsorber contains 2,000 lbs of activated carbon.
55 O 3. Adsorbers are skid mounted with all pipe and valves needed to allow either adsorber to operate
56 T     as the lead or lag unit.
57 E 4. Tank interior will require epoxy coating.
58 S 5. The activated carbon beds will require change out every 2 to 4 weeks.
59
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ZEOLITE SYSTEM  SHAW SPEC. NO.
SPECIFICATION 122064-C107 A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REVISION SHEET   1 OF 1

A TDS 7/07/08 for internal review  PROJECT NAME
PROJECT: C-400 SOIL VAPOR & C-400 SOIL & VAPOR GWTS

GROUNDWATER TREATMENT  JOB  NO.
SYSTEMS 1 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: C-107A,B PADUCAH, KY
EQUIPMENT: POLISHING VAPOR 2  BY  APPR  DATE

ZEOLITE SYSTEM TDS SES/KT 1/9/07 7/07/08

1 Field Erected? NO No. Units: One w/ dual cells
2 Operating Pressure: psia 14.7 to 16
3 Operating Temperature: F 70
4 Contents Lethal? NO
5 Design Pressure: PSIG 2
6 Design Temperature: F 120
7 Process Fluid: Vapor from Vapor Recovery System
8 D Air Volumetric Flow Rate: ACFM 1900
9 E Vessel Volume (each Adsorber): cu.ft. 70   (actual zeolite volume)

10 S Adsorber Material Type: Zeolite media impregnated w/potasium permanganate
11 I Quantity adsorber material in each adsorber: 4,000 lb /each
12 G Adsorber Diameter: ft. 5
13 N Adsorber Height: ft. 7
14 Shell Corrosion Allowance:
15 D Code: Stamp:
16 A Radiograph: Stress Relieve: NO
17 T Type Supports:
18 A Insulation: NO
19 Sandblast: YES Paint: YES
20 Manhole: YES Hinged? NO Davited? NO Other:
21 Platform Clips: NO Ladder Clips: NO Insul. Rings:
22 Pipe Supports: NO
23 Wind Load: 90 mph Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
24 Weight Empty: * lbs Weight with Adsorber: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * CS SA-516 70
27 M Heads * CS SA-516 70
28 A
29 T
30 E
31 R
32 I
33 A Nozzle Necks A-53 CS
34 L Flanges A-105 CS
35 S M.H. Cover N/A  
36 Supports A-36 CS
37 Bolts/Studs Studs CS
38 Nuts Heavy Hex Alloy
39 Gaskets
40 Service    Mark No.    Size   Rating    Face    Type
41 Inlet A 1 *    
43 N Outlet B 1 *    
44 O Vent G 1 *    
45 Z Drain D 1 *    
46 Z Manway E 1 18 "    
47 L G
48 E H
49 S J
50 K
51 L  
52 M  
53 1.  Adsorbers are designed to remove vinyl chloride.
54 N 2. Each adsorber contains 4,000 lbs of zeolite.
55 O 3. Adsorbers are skid mounted with all pipe and valves needed to allow either adsorber to operate
56 T      as the lead or lag unit.
57 E 4. The zeolite beds will require change out every 1 to 3 weeks.
58 S
59
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FIN COIL HEAT EXCHANGER  SHAW SPEC. NO. E-101

SPECIFICATION HEAT EXCHANGER 1
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

B TDS 7/07/08 internal review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: E-101 PADUCAH, KY
    EQUIPMENT: VAPOR COOLER  BY  APPR  DATE

TDS SES/KT 7/07/08

  Process Data:   Process Fluid  Service Fluid
Fluid: Air/steam (contami. w/ 20,000 ppmv TCE) Water
Inlet Pressure: 10 inch Hg Vacuum (or 9.8 psia) 30 psig
Pressure Loss: 3.6 to 5 inches water   *   lb/sq.in.
Volumetric Flow Rate: 5827  ACFM  781   gpm
Flow In: lb/hour Dry Air: 7,270; Steam: 4052; TCE: 571  *      lb/hr
Flow Out: lb/hour Dry Air: 7,270; Steam: 607; TCE: 571  *      lb/hr
Condensed (lb/hr): Water    3,445    lb/hr
Fluid Temp inlet: 203  oF 80 to 90  oF    max.
Fluid Temp outlet: 105  oF 100    oF  max.
Estimated duty (design)  3,906,000   BTU/hr

  Design Data:
Manufacturer/Model: Xchanger Model C-250 or Equivalent
Design Temperature: -20 to 250  oF 50 to 200  oF
Design Pressure: psig -6 to 6 lb/sq.in. -14.7 to 100 lb/sq.in.
Test Pressure: psig 9 lb/sq.in. 100 lb/sq.in.
Tube Material: Copper
Fin Material: Aluminum
Housing Material: Carbon Steel
Casing Material: Galvanized Steel
Flange Material: 1/4" Steel flat plate flange w/matching ANSI/ASTM bolt pattern
Mist Eliminator: None
Tube Circuit Type: Trapped
Gas Flow Direction: Right Hand Horizontal
Process Inlet: 10" flanged, 1/4" steel plate w/bolt pattern matching ANSI
Process Outlet: 10" flanged, 1/4" steel plate w/bolt pattern matching ANSI
Service Inlet:  4   inch
Service Outlet:  4   inch
Unit Dimensions: *
Unit Weight (dry/wet): *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: 0 to 120 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
Notes:
1.  Vendor to complete information marked *
2.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Calculation Data, Installation Instruction, Operating/Maintenance Manual etc.
3.  Vendor to include Delivery Schedules, and certified shop hydrostatic test data if required.
4. Equipment shall be provided with stainless steel I.D. tags.
5. Design duty for 1,500 scfm dry air + 4072 lb/hr water vapor + 571 lb/hr TCE.
6. The unit is not designed for cycling process vapor.
7. Maximum allowable pressure drop is 6" water.

Paducah C-400 Equip Specs jul 08 08 G-193



FIN COIL HEAT EXCHANGER  SHAW SPEC. NO. E-102

SPECIFICATION HEAT EXCHANGER 2
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

B TDS 7/07/08 internal review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: E-102 PADUCAH, KY
    EQUIPMENT: VAPOR CHILLER  BY  APPR  DATE

TDS SES/KT 7/07/08

  Process Data:   Process Fluid  Service Fluid
Fluid: Air/steam (contami. w/ 20,000 ppmv TCE) Ethylene Glycol 20%
Inlet Pressure: 5 inch water
Pressure Loss: * *
Volumetric Flow Rate: 2,303  acfm   *   gpm
Flow In: lb/hour Dry Air: 7,270; Steam: 607; TCE: 571  *      lb/hr
Flow Out: lb/hour Dry Air: 7,270; Steam: 114; TCE: 571  *      lb/hr
Condensed (lb/hr): Water   460     lb/hr
Fluid Temp inlet: 225  oF 45
Fluid Temp outlet: 70  oF 60
Estimated duty (design) 841,000   BTU/hr

  Design Data:
Manufacturer/Model: Xchanger or Equivalent      *
Design Temperature: -20 to 250  oF 50 to 200  oF
Design Pressure: psig -6 to 6 lb/sq.in. -14.7 to 150 lb/sq.in.
Test Pressure: psig 9 lb/sq.in. 260 lb/sq.in.
Tube Material: Copper
Fin Material: Aluminum
Housing Material: Carbon Steel
Casing Material: Galvanized Steel
Flange Material: 1/4" Steel flat plate flange w/matching ANSI/ASTM bolt pattern
Mist Eliminator: None
Tube Circuit Type: Trapped
Gas Flow Direction: Right Hand Horizontal
Process Inlet: 10" flanged, 1/4" steel plate w/bolt pattern matching ANSI
Process Outlet: 10" flanged, 1/4" steel plate w/bolt pattern matching ANSI
Service Inlet:  *   inch
Service Outlet:  *   inch
Unit Dimensions: *
Unit Weight (dry/wet): *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: 0 to 120 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
Notes:
1.  Vendor to complete information marked *
2.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Calculation Data, Installation Instruction, Operating/Maintenance Manual etc.
3.  Vendor to include Delivery Schedules, and certified shop hydrostatic test data if required.
4. Equipment shall be provided with stainless steel I.D. tags.
5. Design duty for 1,500 scfm dry air + 607 lb/hr steam/water vapor.
6. The unit is not designed for cycling process vapor.
7. Maximum allowable pressure drop is 6" water.
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PLATE HEAT EXCHANGER  SHAW SPEC. NO. E-104

SPECIFICATION HEAT EXCHANGER 4
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

B TDS 7/07/08 internal review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: E-104 Paducah, Kentucky
    EQUIPMENT: AIR STRIPPER EFFLUENT COOLER  BY  APPR  DATE

KT SES/KT 7/07/08

  Process Data:   Process Fluid  Service Fluid
Fluid: Treated Hot Groundwater Cooling Water
Pressure: 100 psig   *   psig
Pressure Drop:   *   *
Max Flow Rate: 45 gpm Hot  Water   258   gpm
Max Flow In: lb/hr
Max Flow Out: lb/hr
Fluid Temp inlet: 157  oF 85  oF 
Fluid Temp outlet: 90  oF 100  oF 
Fluid Specific Gravity or Density: As for water
Fluid Viscosity: As for water
Estimated duty (design)  1,289,000   BTU/hr

  Design Data:
Manufacturer/Model: Xchanger or Equivalent  *
Design Temperature: 220  oF 220  oF
Design Pressure: psig 100 lb/sq.in. 100 lb/sq.in.
Test Pressure: psig 130 lb/sq.in. 130 lb/sq.in.
Plate Material: ANSI 304
Plate Number:   *
Gasket Material: Viton
Frame Material: Carbon Steel
Flange Material:
Mist Eliminator: None
Tube Circuit Type:
Gas Flow Direction:
Process Inlet: *  inch,   150#
Process Outlet: *  inch,   150#
Service Inlet: *  inch,   150#
Service Outlet: *  inch,   150#
Unit Dimensions: *
Unit Weight (dry/wet): *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: 0 to 120 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
Notes:
1.  Vendor to complete information marked *
2.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Calculation Data, Installation Instruction, Operating/Maintenance Manual etc.
3.  Vendor to include Delivery Schedules, and certified shop hydrostatic test data if required.
4. Equipment shall be provided with stainless steel I.D. tags.
5. The unit is not designed for cycling process water.
6. E-104 is a cooling unit and is intended to cool the water to 85 deg F before entering the ion exchange and carbon adsorber
     systems.
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FILTER SHAW SPEC. NO.
SPECIFICATION 122064-F101A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET 1 OF 1
 PROJECT NAME

A TDS 1/17/07 for internal review C-400 SOIL VAPOR
& GWTS

   PROJECT: C-400 SOIL VAPOR &  JOB  NO.
GROUNDWATER 2 122064
TREATMENT SYSTEMS LOCATION

   AREA: C-400 CLEANING BLDG PADUCAH, KY
   TAG NO.: F-101A/B 3  BY  APPR  DATE
   EQUIP.: AIR STRIPPER EFFLUENT FILTERS TDS SES/KT 1/9/07

1
2 Number of Units 2 (TWO)
3 PERFORMANCE DATA
4 Bag Filter  YES Microns: 20 microns
5 Single Basket  YES Perforations:    9/64 in dia.
6
7 PROCESS DATA
8 Liquid: Groundwater Temp: 60 - 200 deg F Pressure: 70 psig
9 Flow: GPM 100   PRESS. Drop:  Clean <3 PSI;   Dirty *   PSI

10 Vapor: LB./HR. N/A
11 Design PRESS. 70 PSIG Flanges 3    in DIA. PSI Type Threaded
12 Design TEMP. 200   deg. F.
13
14 MECHANICAL DESIGN DATA
15 Manufacturer ROSEDALE OR APPROVED EQUAL   Model *
16 Shell Material: CARBON STEEL
17 Filter Material: POLYPROPYLENE    Area:  Gross *  SQ. IN. Free *  SQ. IN.
18 Basket Material: STAINLESS STEEL    Area:  Gross *  SQ. IN. Free *  SQ. IN.
19 Elastomers: NEOPRENE
20 Support Lugs: YES NO Code Stamp:  YES NO
21 Flanged & Bolted Cover: YES NO With Swing Bolts: YES NO
22
23 Vent Dia.     * IN. Clean Out Opening *
24 Press. Gage Taps     * IN. Hand Hole to Service Valves
25 Drain Valve: Slide Gate Ball Globe Plug Cock
26 Are valves mechanically interlocked? NO
27 Dimensions  Body:  Length      *   Width      *   Height      *
28 Filter:      *
29 Shipping Weight      *
30 Remarks
31 1. VENDOR TO COMPLETE INFORMATION MARKED  *
32 2. FILTER ASSEMBLY TO INCLUDE DRAIN PORT.
33 3.  VENDOR TO PROVIDE STAINLESS STEEL I.D. TAG FOR THE EQUIPMENT.
34 4. Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
35
36
37
38
39
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FILTER SHAW SPEC. NO.
SPECIFICATION 122064-F102A,B

SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET 1 OF 1
 PROJECT NAME

A TDS 1/17/07 for internal review C-400 SOIL VAPOR
& GWTS

   PROJECT: C-400 SOIL VAPOR &  JOB  NO.
GROUNDWATER 2 122064
TREATMENT SYSTEMS LOCATION

   AREA: C-400 CLEANING BLDG PADUCAH, KY
   TAG NO.: F-102A/B 3  BY  APPR  DATE
   EQUIP.: AIR STRIPPER INFLUENT FILTERS TDS SES/KT 1/9/07

1
2 Number of Units 2 (TWO)
3 PERFORMANCE DATA
4 Bag Filter  YES Microns:    20 microns
5 Single Basket  YES Perforations:    9/64 in dia.
6
7 PROCESS DATA
8 Liquid: Groundwater Temp: 60 - 200 deg F Pressure: 70 psig
9 Flow: GPM 100   PRESS. Drop:  Clean <3 PSI;   Dirty *   PSI

10 Vapor: LB./HR. N/A
11 Design PRESS. 70 PSIG Flanges 3    in DIA. PSI Type Threaded
12 Design TEMP. 200   deg. F.
13
14 MECHANICAL DESIGN DATA
15 Manufacturer ROSEDALE OR APPROVED EQUAL   Model *
16 Shell Material: CARBON STEEL
17 Filter Material: POLYPROPYLENE    Area:  Gross *  SQ. IN. Free *  SQ. IN.
18 Basket Material: STAINLESS STEEL    Area:  Gross *  SQ. IN. Free *  SQ. IN.
19 Elastomers: NEOPRENE
20 Support Lugs: YES NO Code Stamp:  YES NO
21 Flanged & Bolted Cover: YES NO With Swing Bolts: YES NO
22
23 Vent Dia.     * IN. Clean Out Opening *
24 Press. Gage Taps     * IN. Hand Hole to Service Valves
25 Drain Valve: Slide Gate Ball Globe Plug Cock
26 Are valves mechanically interlocked? YES NO
27 Dimensions  Body:  Length      *   Width      *   Height      *
28 Filter:      *
29 Shipping Weight      *
30 Remarks
31 1. VENDOR TO COMPLETE INFORMATION MARKED  *
32 2. FILTER ASSEMBLY TO INCLUDE DRAIN PORT.
33 3.  VENDOR TO PROVIDE STAINLESS STEEL I.D. TAG FOR THE EQUIPMENT.
34 4. Seismic Design: Kentucky Category E, Ss=2.56 g, S1=0.78 g
35
36
37
38
39

Paducah C-400 Equip Specs jul 08 08
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 SHAW SPEC. NO.
  PUMP SPECIFICATION 122064-P101

SHAW ENVIRONMENTAL, INC. NO   BY DATE REV.  SHEET   1 OF 1

A TDS 1/17/07 internal review  PROJECT NAME
PROJ: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS

GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: P-101 PADUCAH, KY
EQUIP: LIQUID/VAPOR SEPARATOR 3  BY  APPR DATE

PUMP TDS SES/KT 1/9/07
1 C Manufacturer: Gorman-Rupp or approved equal Model No.: *
2 O No. of Units: 1 (One) Normal Flow : 10 gpm Discharge Press: 41.4 ft
3 N Liquid Pumped: Water with TCE Max. Flow at P.T.: 10 gpm Suction Press: 9.7 ft
4 D Pumping Temp.: 60-185 oF Sp. Gr. @ P.T.: 0.973 Viscosity @ P.T.: 1 cp Suction Press: 4.199 psia
5 T Differential Press.: psi Differential Head: 34.87 Ft. Fluid pH 6 NPSH Available: 6 Ft.
6 N Discharge Press.@ Norm: Discharge Press. @ Max: 50 ft H2O NPSH Required (Water): * Ft.
7 S Type: Centrifugal pump Location: Outdoors @ T-102
8 Horizontal or Vertical Arrangement? Horizontal Single or Double Suction? Single
9 C CW OR CCW Direction of Rotation Facing Pump Coupling: Case Design Press.: psig Max. Allow. W.P.:  psig

10 O Number of Stages: 1 Speed: * rpm Shut-off Press.: PSIGVol. Eff. @ Rating: %
11 N BARREL: * Split? * Horizontal? Vertical?
12 S IMPELLER: * Type: * Max. Diameter: * In. Min. Diameter: * In.
13 T Actual Imp. Dia.: * In. Vent and Drain Tapped? * Thrust Bearing Type: * Radial Bearing Type: *
14 R Nozzles    Size       Rating      Facing     Location Bearing Lub. Type: *
15 U Suction * * * * Oiler? * Oiler Type: *
16 C Discharge * * * * Coupling Mfr.: * Coupling Model: *
17 T Vents * * * * Baseplate? * Type Baseplate: *
18 I Drains * * * * Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none? *
19 O Cooling H2O * * * * Total Water Req'd: * gpm Smothering Gland? *
20 N Stuffing Box Lubrication: Oil, Grease or None? Type Packing: * Seal Oil Connection? *
21 MECHANICAL SEAL: Furnished By: * Manufacturer: * Type: *
22 D   Single or Double? * Inside or Outside? * Balanced or Unbalanced? *
23 E   Rotary Unit: * Seal Ring Mtrl: * Face Material: * Shaft Packing: *
24 T   Insert: * Reversible? * Face Material: *
25 A   Insert Mounting: Clamped, O-Ring or Press Fit? *
26 I   Gland: * Plain? * Carbon Throttle Bushing? *
27 L   Gland Stuffing Box Machined & Tapped for: * Dead End Lub.? * Circulating Lub.? *
28 S   Flushing Seal Faces with Discharge Bypass? * Quenching? * Vent & Drain? *
29   Flushing Seal Faces with External Fluid? * Auxilliary Stuffing Box Required? *
30 Weight of Pump: * lbs. Weight of Base: * lbs. Weight of Driver: * lbs. Shipping Weight: * lbs.
31 M Casing & Covers: D. I. Shaft: 316 SS Casing wear Rings: * Shaft Sleeves: *
32 T Impeller: 316 SS Lantern Rings: * Impeller Wear Rings: * Stuffing Box Bushings: *
33 L Glands: * Gaskets: *
34 Furnished By: Vendor Elec. or Steam Turbine? Elec. Direct, Gear, V-Belt or Rope? V-belt
35 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
36   Mounted By: Vendor Enclosure: TEFC   Mounted By: Model:
37 D   Speed: 1750 rpm Service Factor: *  Horsepower: HP Water Rates: Lbs/Hr
38 R   Volts: 480 Temp. Rise: *   Speed rpm Vacuum (if any):
39 I   Phase: 3 Insulation: *   Inlet Steam Press.: Inlet Steam Temp.:
40 V   Cycles: 60 Frame: * Normal: psig Normal: deg. F
41 E   Nominal Size * HP Est. BHP Req'd: 0.75 HP Max.: psig Max.: deg F
42 R SPEED REDUCERS: Mfr.:   Backpressure: psig
43   Ratio: Model: Nozzles Size        Rating       Facing Location
44   Integral or Separate? Class: Inlet
45 Exhaust
46 See Driver Specification No.:
47 T Performance Curve? * Certified? M Serial Number:
48 E   Curve No.: I Outline Drawing Number:
49 S Hydrotest? Pressure: psig S Cross Section Drawing Number:
50 T Witness Testing? Shop Inspection? C
51 1. Vendor to verify correct pump model no. and motor horsepower.
52 2. Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.
53 N 3. Vendor to provide air release valve with pump.
54 O 4. Vendor to tap pump suction and discharge for the installation of pressure gauges.
55 T 5. Pump and associated instrumentation shall be provided with stainless steel I.D. tags.
56 E 6. Pump shall be constructed such that the entire rotating assembly of the pump (impeller, shaft,
57 S     and bearings) may be removed from the pump without removing the pump casing from the
58     baseplate or disconnecting the attached piping.
59 7. Vendor to complete information marked  *.
60 8. Seismic design to Kentucky Category E, Ss=2.56 g, S1=0.78 g
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 SHAW SPEC. NO.
  PUMP SPECIFICATION 122064-P103

SHAW ENVIRONMENTAL, INC. NO   BY DATE REV.  SHEET   1 OF 1

A TDS 1/17/07 internal review  PROJECT NAME
PROJ: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS

GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: P-103 PADUCAH, KY
EQUIP: AIR STRIPPER EFFLUENT PUMP 3  BY  APPR DATE

TDS SES 1/9/07
1 C Manufacturer: Gorman-Rupp or approved equal Model No.: *
2 O No. of Units: 1 (One) Normal Flow : 87 gpm Discharge Press: 142 ft
3 N Liquid Pumped: Groundwater Max. Flow at P.T.: 100 gpm Suction Press: 33 ft
4 D Pumping Temp.: 60-100 oF Sp. Gr. @ P.T.: 0.973 Viscosity @ P.T.: 1 cp Suction Press: 14.3 psia
5 T Differential Press.: psi Differential Head: 114.5 Ft. Fluid pH 6 NPSH Available: 10 Ft.
6 N Discharge Press.@ Norm: Discharge Press. @ Max: 150 ft H2O NPSH Required (Water): * Ft.
7 S Type: Centrifugal pump Location: Outdoors @ T-103
8 Horizontal or Vertical Arrangement? Horizontal Single or Double Suction? Single
9 C CW OR CCW Direction of Rotation Facing Pump Coupling: Case Design Press.: psig Max. Allow. W.P.:  psig

10 O Number of Stages: 1 Speed: * rpm Shut-off Press.: PSIGVol. Eff. @ Rating: %
11 N BARREL: * Split? * Horizontal? Vertical?
12 S IMPELLER: * Type: * Max. Diameter: * In. Min. Diameter: * In.
13 T Actual Imp. Dia.: * In. Vent and Drain Tapped? * Thrust Bearing Type: * Radial Bearing Type: *
14 R Nozzles    Size       Rating      Facing     Location Bearing Lub. Type: *
15 U Suction * * * * Oiler? * Oiler Type: *
16 C Discharge * * * * Coupling Mfr.: * Coupling Model: *
17 T Vents * * * * Baseplate? * Type Baseplate: *
18 I Drains * * * * Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none? *
19 O Cooling H2O * * * * Total Water Req'd: * gpm Smothering Gland? *
20 N Stuffing Box Lubrication: Oil, Grease or None? Type Packing: * Seal Oil Connection? *
21 MECHANICAL SEAL: Furnished By: * Manufacturer: * Type: *
22 D   Single or Double? * Inside or Outside? * Balanced or Unbalanced? *
23 E   Rotary Unit: * Seal Ring Mtrl: * Face Material: * Shaft Packing: *
24 T   Insert: * Reversible? * Face Material: *
25 A   Insert Mounting: Clamped, O-Ring or Press Fit? *
26 I   Gland: * Plain? * Carbon Throttle Bushing? *
27 L   Gland Stuffing Box Machined & Tapped for: * Dead End Lub.? * Circulating Lub.? *
28 S   Flushing Seal Faces with Discharge Bypass? * Quenching? * Vent & Drain? *
29   Flushing Seal Faces with External Fluid? * Auxilliary Stuffing Box Required? *
30 Weight of Pump: * lbs. Weight of Base: * lbs. Weight of Driver: * lbs. Shipping Weight: * lbs.
31 M Casing & Covers: D. I. Shaft: 316 SS Casing wear Rings: * Shaft Sleeves: *
32 T Impeller: 316 SS Lantern Rings: * Impeller Wear Rings: * Stuffing Box Bushings: *
33 L Glands: * Gaskets: *
34 Furnished By: Vendor Elec. or Steam Turbine? Elec. Direct, Gear, V-Belt or Rope? V-belt
35 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
36   Mounted By: Vendor Enclosure: TEFC   Mounted By: Model:
37 D   Speed: 3500 rpm Service Factor: *  Horsepower: HP Water Rates: Lbs/Hr
38 R   Volts: 480 Temp. Rise: *   Speed rpm Vacuum (if any):
39 I   Phase: 3 Insulation: *   Inlet Steam Press.: Inlet Steam Temp.:
40 V   Cycles: 60 Frame: * Normal: psig Normal: deg. F
41 E   Nominal Size * HP Est. BHP Req'd: 7.5 HP Max.: psig Max.: deg F
42 R SPEED REDUCERS: Mfr.:   Backpressure: psig
43   Ratio: Model: Nozzles Size        Rating       Facing Location
44   Integral or Separate? Class: Inlet
45 Exhaust
46 See Driver Specification No.:
47 T Performance Curve? * Certified? M Serial Number:
48 E   Curve No.: I Outline Drawing Number:
49 S Hydrotest? Pressure: psig S Cross Section Drawing Number:
50 T Witness Testing? Shop Inspection? C
51 1. Vendor to verify correct pump model no. and motor horsepower.
52 2. Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.
53 N 3. Vendor to provide air release valve with pump.
54 O 4. Vendor to tap pump suction and discharge for the installation of pressure gauges.
55 T 5. Pump and associated instrumentation shall be provided with stainless steel I.D. tags.
56 E 6. Pump shall be constructed such that the entire rotating assembly of the pump (impeller, shaft,
57 S     and bearings) may be removed from the pump without removing the pump casing from the
58     baseplate or disconnecting the attached piping.
59 7. Vendor to complete information marked  *.
60 8. Seismic design to Kentucky Category E, Ss=2.56 g, S1=0.78 g
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 SHAW SPEC. NO.
  PUMP SPECIFICATION 122064-P104

SHAW ENVIRONMENTAL, INC. NO   BY DATE REV.  SHEET   1 OF 1

B TDS 7/07/08 internal review  PROJECT NAME
PROJ: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS

GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: P-104 PADUCAH, KY
EQUIP: WATER INJECTION PUMP 3  BY  APPR DATE

TDS SES 7/07/08
1 C Manufacturer: Gorman-Rupp or approved equal Model No.: *
2 O No. of Units: 1 (One) Normal Flow : 64 gpm Discharge Press: 87 ft
3 N Liquid Pumped: Treated groundwater Max. Flow at P.T.: 64 gpm Suction Press: 34 ft
4 D Pumping Temp.: 100-160 oF Sp. Gr. @ P.T.: 0.993 Viscosity @ P.T.: 1 cp Suction Press: 15 psia
5 T Differential Press.: 25 psi Differential Head: 58.4 Ft. Fluid pH 6 NPSH Available: 10 Ft.
6 N Discharge Press.@ Norm: Discharge Press. @ Max: NPSH Required (Water): * Ft.
7 S Type: Centrifugal pump Location: Outdoors @ T-104
8 Horizontal or Vertical Arrangement? Horizontal Single or Double Suction? Single
9 C CW OR CCW Direction of Rotation Facing Pump Coupling: Case Design Press.: psig Max. Allow. W.P.:  psig

10 O Number of Stages: 1 Speed: * rpm Shut-off Press.: PSIGVol. Eff. @ Rating: %
11 N BARREL: * Split? * Horizontal? Vertical?
12 S IMPELLER: * Type: * Max. Diameter: * In. Min. Diameter: * In.
13 T Actual Imp. Dia.: * In. Vent and Drain Tapped? * Thrust Bearing Type: * Radial Bearing Type: *
14 R Nozzles    Size       Rating      Facing     Location Bearing Lub. Type: *
15 U Suction * * * * Oiler? * Oiler Type: *
16 C Discharge * * * * Coupling Mfr.: * Coupling Model: *
17 T Vents * * * * Baseplate? * Type Baseplate: *
18 I Drains * * * * Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none? *
19 O Cooling H2O * * * * Total Water Req'd: * gpm Smothering Gland? *
20 N Stuffing Box Lubrication: Oil, Grease or None? Type Packing: * Seal Oil Connection? *
21 MECHANICAL SEAL: Furnished By: * Manufacturer: * Type: *
22 D   Single or Double? * Inside or Outside? * Balanced or Unbalanced? *
23 E   Rotary Unit: * Seal Ring Mtrl: * Face Material: * Shaft Packing: *
24 T   Insert: * Reversible? * Face Material: *
25 A   Insert Mounting: Clamped, O-Ring or Press Fit? *
26 I   Gland: * Plain? * Carbon Throttle Bushing? *
27 L   Gland Stuffing Box Machined & Tapped for: * Dead End Lub.? * Circulating Lub.? *
28 S   Flushing Seal Faces with Discharge Bypass? * Quenching? * Vent & Drain? *
29   Flushing Seal Faces with External Fluid? * Auxilliary Stuffing Box Required? *
30 Weight of Pump: * lbs. Weight of Base: * lbs. Weight of Driver: * lbs. Shipping Weight: * lbs.
31 M Casing & Covers: D. I. Shaft: 316 SS Casing wear Rings: * Shaft Sleeves: *
32 T Impeller: 316 SS Lantern Rings: * Impeller Wear Rings: * Stuffing Box Bushings: *
33 L Glands: * Gaskets: *
34 Furnished By: Vendor Elec. or Steam Turbine? Elec. Direct, Gear, V-Belt or Rope? V-belt
35 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
36   Mounted By: Vendor Enclosure: TEFC   Mounted By: Model:
37 D   Speed: 3500 rpm Service Factor: *  Horsepower: HP Water Rates: Lbs/Hr
38 R   Volts: 480 Temp. Rise: *   Speed rpm Vacuum (if any):
39 I   Phase: 3 Insulation: *   Inlet Steam Press.: Inlet Steam Temp.:
40 V   Cycles: 60 Frame: * Normal: psig Normal: deg. F
41 E   Nominal Size * HP Est. BHP Req'd: 1.5 HP Max.: psig Max.: deg F
42 R SPEED REDUCERS: Mfr.:   Backpressure: psig
43   Ratio: Model: Nozzles Size        Rating       Facing Location
44   Integral or Separate? Class: Inlet
45 Exhaust
46 See Driver Specification No.:
47 T Performance Curve? * Certified? M Serial Number:
48 E   Curve No.: I Outline Drawing Number:
49 S Hydrotest? Pressure: psig S Cross Section Drawing Number:
50 T Witness Testing? Shop Inspection? C
51 1. Vendor to verify correct pump model no. and motor horsepower.
52 2. Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.
53 N 3. Vendor to provide air release valve with pump.
54 O 4. Vendor to tap pump suction and discharge for the installation of pressure gauges.
55 T 5. Pump and associated instrumentation shall be provided with stainless steel I.D. tags.
56 E 6. Pump shall be constructed such that the entire rotating assembly of the pump (impeller, shaft,
57 S     and bearings) may be removed from the pump without removing the pump casing from the
58     baseplate or disconnecting the attached piping.
59 7. Vendor to complete information marked  *.
60 8. Seismic design to Kentucky Category E, Ss=2.56 g, S1=0.78 g.
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 SHAW SPEC. NO.
  PUMP SPECIFICATION 122064-P106

SHAW ENVIRONMENTAL, INC. NO   BY DATE REV.  SHEET   1 OF 1

A TDS 1/17/07 internal review  PROJECT NAME
PROJ: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS

GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: P-106 PADUCAH, KY
EQUIP: AIR STRIPPER FEED PUMP 3  BY  APPR DATE

TDS SES 1/9/07
1 C Manufacturer: Gorman-Rupp or approved equal Model No.: *
2 O No. of Units: 1 (One) Normal Flow : 87 Discharge Press: 82 ft
3 N Liquid Pumped: Groundwater Max. Flow at P.T.: 100 gpm Suction Press: 33 ft
4 D Pumping Temp.: 60-194 oF Sp. Gr. @ P.T.: 0.973 Viscosity @ P.T.: 1 cp Suction Press: 14.3 psia
5 T Differential Press.: psi Differential Head: 53.9 Ft. Fluid pH 6 NPSH Available: 10 Ft.
6 N Discharge Press.@ Norm: Discharge Press. @ Max: 90 ft H2O NPSH Required (Water): * Ft.
7 S Type: Centrifugal pump Location: Outdoors @ T-106
8 Horizontal or Vertical Arrangement? Horizontal Single or Double Suction? Single
9 C CW OR CCW Direction of Rotation Facing Pump Coupling: Case Design Press.: psig Max. Allow. W.P.:  psig

10 O Number of Stages: 1 Speed: * rpm Shut-off Press.: PSIGVol. Eff. @ Rating: %
11 N BARREL: * Split? * Horizontal? Vertical?
12 S IMPELLER: * Type: * Max. Diameter: * In. Min. Diameter: * In.
13 T Actual Imp. Dia.: * In. Vent and Drain Tapped? * Thrust Bearing Type: * Radial Bearing Type: *
14 R Nozzles    Size       Rating      Facing     Location Bearing Lub. Type: *
15 U Suction * * * * Oiler? * Oiler Type: *
16 C Discharge * * * * Coupling Mfr.: * Coupling Model: *
17 T Vents * * * * Baseplate? * Type Baseplate: *
18 I Drains * * * * Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none? *
19 O Cooling H2O * * * * Total Water Req'd: * gpm Smothering Gland? *
20 N Stuffing Box Lubrication: Oil, Grease or None? Type Packing: * Seal Oil Connection? *
21 MECHANICAL SEAL: Furnished By: * Manufacturer: * Type: *
22 D   Single or Double? * Inside or Outside? * Balanced or Unbalanced? *
23 E   Rotary Unit: * Seal Ring Mtrl: * Face Material: * Shaft Packing: *
24 T   Insert: * Reversible? * Face Material: *
25 A   Insert Mounting: Clamped, O-Ring or Press Fit? *
26 I   Gland: * Plain? * Carbon Throttle Bushing? *
27 L   Gland Stuffing Box Machined & Tapped for: * Dead End Lub.? * Circulating Lub.? *
28 S   Flushing Seal Faces with Discharge Bypass? * Quenching? * Vent & Drain? *
29   Flushing Seal Faces with External Fluid? * Auxilliary Stuffing Box Required? *
30 Weight of Pump: * lbs. Weight of Base: * lbs. Weight of Driver: * lbs. Shipping Weight: * lbs.
31 M Casing & Covers: D. I. Shaft: 316 SS Casing wear Rings: * Shaft Sleeves: *
32 T Impeller: 316 SS Lantern Rings: * Impeller Wear Rings: * Stuffing Box Bushings: *
33 L Glands: * Gaskets: *
34 Furnished By: Vendor Elec. or Steam Turbine? Elec. Direct, Gear, V-Belt or Rope? V-belt
35 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
36   Mounted By: Vendor Enclosure: TEFC   Mounted By: Model:
37 D   Speed: * rpm Service Factor: *  Horsepower: HP Water Rates: Lbs/Hr
38 R   Volts: 480 Temp. Rise: *   Speed rpm Vacuum (if any):
39 I   Phase: 3 Insulation: *   Inlet Steam Press.: Inlet Steam Temp.:
40 V   Cycles: 60 Frame: * Normal: psig Normal: deg. F
41 E   Nominal Size * HP Est. BHP Req'd: 3 HP Max.: psig Max.: deg F
42 R SPEED REDUCERS: Mfr.:   Backpressure: psig
43   Ratio: Model: Nozzles Size        Rating       Facing Location
44   Integral or Separate? Class: Inlet
45 Exhaust
46 See Driver Specification No.:
47 T Performance Curve? * Certified? M Serial Number:
48 E   Curve No.: I Outline Drawing Number:
49 S Hydrotest? Pressure: psig S Cross Section Drawing Number:
50 T Witness Testing? Shop Inspection? C
51 1. Vendor to verify correct pump model no. and motor horsepower.
52 2. Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.
53 N 3. Vendor to provide air release valve with pump.
54 O 4. Vendor to tap pump suction and discharge for the installation of pressure gauges.
55 T 5. Pump and associated instrumentation shall be provided with stainless steel I.D. tags.
56 E 6. Pump shall be constructed such that the entire rotating assembly of the pump (impeller, shaft,
57 S     and bearings) may be removed from the pump without removing the pump casing from the
58     baseplate or disconnecting the attached piping.
59 7. Vendor to complete information marked  *.
60 8. Seismic design to Kentucky Category E, Ss=2.56 g, S1=0.78 g

Paducah C-400 Equip Specs jul 08 08 G-201



 SHAW SPEC. NO.
  PUMP SPECIFICATION 122064-P108

SHAW ENVIRONMENTAL, INC. NO   BY DATE REV.  SHEET   1 OF 1

A TDS 1/17/07 internal review  PROJECT NAME
PROJ: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS

GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA: C-400 CLEANING BLDG LOCATION
TAG NO.: P-108 PADUCAH, KY
EQUIP: LIQUID TCE PUMP 3  BY  APPR DATE

TDS SES 1/9/07
1 C Manufacturer: Gorman-Rupp or approved equal Model No.: *
2 O No. of Units: 1 (One) Normal Flow : 0.78 gpm Discharge Press: 42 ft
3 N Liquid Pumped: Liquid TCE Max. Flow at P.T.: 2 gpm Suction Press: 34 ft
4 D Pumping Temp.: 32 -70 oF Sp. Gr. @ P.T.: 1.4 Viscosity @ P.T.: 1 cp Suction Press: 15 psia
5 T Differential Press.: psi Differential Head: 9 Ft. Fluid pH NPSH Available: 6 Ft.
6 N Discharge Press.@ Norm: Discharge Press. @ Max: 50 ft H2O NPSH Required (Water): * Ft.
7 S Type: Centrifugal pump Location: Outdoors @ T-105
8 Horizontal or Vertical Arrangement? Horizontal Single or Double Suction? Single
9 C CW OR CCW Direction of Rotation Facing Pump Coupling: Case Design Press.: psig Max. Allow. W.P.:  psig

10 O Number of Stages: 1 Speed: * rpm Shut-off Press.: PSIGVol. Eff. @ Rating: %
11 N BARREL: * Split? * Horizontal? Vertical?
12 S IMPELLER: * Type: * Max. Diameter: * In. Min. Diameter: * In.
13 T Actual Imp. Dia.: * In. Vent and Drain Tapped? * Thrust Bearing Type: * Radial Bearing Type: *
14 R Nozzles    Size       Rating      Facing     Location Bearing Lub. Type: *
15 U Suction * * * * Oiler? * Oiler Type: *
16 C Discharge * * * * Coupling Mfr.: * Coupling Model: *
17 T Vents * * * * Baseplate? * Type Baseplate: *
18 I Drains * * * * Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none? *
19 O Cooling H2O * * * * Total Water Req'd: * gpm Smothering Gland? *
20 N Stuffing Box Lubrication: Oil, Grease or None? Type Packing: * Seal Oil Connection? *
21 MECHANICAL SEAL: Furnished By: * Manufacturer: * Type: *
22 D   Single or Double? * Inside or Outside? * Balanced or Unbalanced? *
23 E   Rotary Unit: * Seal Ring Mtrl: * Face Material: * Shaft Packing: *
24 T   Insert: * Reversible? * Face Material: *
25 A   Insert Mounting: Clamped, O-Ring or Press Fit? *
26 I   Gland: * Plain? * Carbon Throttle Bushing? *
27 L   Gland Stuffing Box Machined & Tapped for: * Dead End Lub.? * Circulating Lub.? *
28 S   Flushing Seal Faces with Discharge Bypass? * Quenching? * Vent & Drain? *
29   Flushing Seal Faces with External Fluid? * Auxilliary Stuffing Box Required? *
30 Weight of Pump: * lbs. Weight of Base: * lbs. Weight of Driver: * lbs. Shipping Weight: * lbs.
31 M Casing & Covers: D. I. Shaft: 316 SS Casing wear Rings: * Shaft Sleeves: *
32 T Impeller: 316 SS Lantern Rings: * Impeller Wear Rings: * Stuffing Box Bushings: *
33 L Glands: * Gaskets: *
34 Furnished By: Vendor Elec. or Steam Turbine? Elec. Direct, Gear, V-Belt or Rope? V-belt
35 ELECTRIC MOTOR: Mfr.: * STEAM TURBINE: Mfr.:
36   Mounted By: Vendor Enclosure: TEFC   Mounted By: Model:
37 D   Speed: * rpm Service Factor: *  Horsepower: HP Water Rates: Lbs/Hr
38 R   Volts: * Temp. Rise: *   Speed rpm Vacuum (if any):
39 I   Phase: * Insulation: *   Inlet Steam Press.: Inlet Steam Temp.:
40 V   Cycles: * Frame: * Normal: psig Normal: deg. F
41 E   Nominal Size 1 HP Est. BHP Req'd: 1 HP Max.: psig Max.: deg F
42 R SPEED REDUCERS: Mfr.:   Backpressure: psig
43   Ratio: Model: Nozzles Size        Rating       Facing Location
44   Integral or Separate? Class: Inlet
45 Exhaust
46 See Driver Specification No.:
47 T Performance Curve? * Certified? M Serial Number:
48 E   Curve No.: I Outline Drawing Number:
49 S Hydrotest? Pressure: psig S Cross Section Drawing Number:
50 T Witness Testing? Shop Inspection? C
51 1. Vendor to verify correct pump model no. and motor horsepower.
52 2. Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.
53 N 3. Vendor to provide air release valve with pump.
54 O 4. Vendor to tap pump suction and discharge for the installation of pressure gauges.
55 T 5. Pump and associated instrumentation shall be provided with stainless steel I.D. tags.
56 E 6. Pump shall be constructed such that the entire rotating assembly of the pump (impeller, shaft,
57 S     and bearings) may be removed from the pump without removing the pump casing from the
58     baseplate or disconnecting the attached piping.
59 7. Vendor to complete information marked  *.
60 8. Seismic design to Kentucky Category E, Ss=2.56 g, S1=0.78 g

Paducah C-400 Equip Specs jul 08 08 G-202



 SHAW SPEC. NO.

LIQUID/VAPOR SEPARATOR 122064-T101
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET    1 OF 1

B TDS 7/07/08 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2     122064

AREA NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-101 3 PADUCAH, KY
EQUIP NAME: LIQUID/VAPOR  BY  APPR  DATE

SEPARATOR 1 TDS SES 7/07/08

1 Total Volume:  * FT3 Field Erected? NO No. Units 1
2 Operating Pressure, PSIA 10 in Hg vacuum or 9.8 psia
3 Operating Temperature, deg F 203
4 Design Pressure, PSIG full vacuum to 5 psig
5 Design Temperature, deg F 300
6 Gas Type Air and Water Vapor
7 Gas Density (lb/cu.ft.) at flow 0.0354
8 D Gas Specific Gravity
9 E Gas Max. Flow Rate (ACFM) 4200

10 S Liquid Type Water
11 I Liquid Holding Volume (gallons) 125
12 G Liquid Density (lb/cu.ft.) at standard 62.3
13 N Liquid Specific Gravity
14 Liquid Load (lb/hr) 500
15 Liquid Viscosity (cp) 1
16 D Hydrostatic Test, PSIG *
17 A Shell Heads Corr. Barrier, inches NONE NONE
18 T Shell Head Joint Efficiency, % 85 85
19 A Code: ASME Section VIII Stamp: YES
20 Radiograph: PER CODE Stress Relieve: PER CODE
21 National Board No. N/A
22 Type Supports: THREE (3) LEGS
23 Insulation: NONE
24 Fireproofing: NONE
25 Sandblast: * Paint: *  
26 MANHOLE: Hinged? NO Davited? NO Other: HANDLE D
27 Platform Clips: NO Ladder Clips: NO Insul. Rings: NO
28 Pipe Supports: None B
29 Wind Load: 90 mph Seismic Design:  Kentucky Category E
30 Weight Empty: * Lbs Weight Full of Water: * Lbs
31   Item Thickness Mat'l Class Mat'l - Minimum Quality A
32 Shell * Carbon Steel
33 M Heads * Carbon Steel
34 A Lining N/A D
35 T Diameter 36"
36 E Height *
37 R Nozzle Necks  Carbon Steel
38 I Flanges  Carbon Steel
39 A Coupling    Carbon Steel D
40 L M.H. Cover   
41 S Supports Three (3) A-36    
42 Bolts/Studs SA-193 B7/SA-194-2 C
43 Nuts  SA-193 B7/SA-194-2
44 Gaskets  Nitrile
45 N Service    Mark No.    Size   Rating    Face    Type
46 O Inlet A 1 10" Note 3 RF Flg.
47 Z Outlet B 1 10" Note 3 RF Flg.
48 Z Drain C 1 3" Note 3 RF Flg.
49 L Instrument Taps D 4 1"  NPT Coupling  
50 E
51 S NOTES:  
52 1. Vendor to complete information marked "*".
53 2. Vendor to provide lid with two handles.
54 3. 1/4" flat flange, match 150# bolt pattern      Nozzle orientation to be specified in detailed engineering
55 4. Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
G-203



 SHAW SPEC. NO.

LIQUID/VAPOR SEPARATOR 122064-T102
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET    1 OF 1

B TDS 7/07/08 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2     122064

AREA NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-102 3 PADUCAH, KY
EQUIP NAME: LIQUID/VAPOR  BY  APPR  DATE

SEPARATOR 2 TDS SES 7/07/08

1 Total Volume:  * FT3 Field Erected? NO No. Units 1
2 Operating Pressure, PSIA 10 in Hg vacuum or 9.8 psia
3 Operating Temperature, deg F 105
4 Design Pressure, PSIG full vacuum to 5 psig
5 Design Temperature, deg F 300
6 Gas Type Air and Water Vapor
7 Gas Density (lb/cu.ft.) at flow 0.0455
8 D Gas Specific Gravity
9 E Gas Max. Flow Rate (ACFM) 3093

10 S Liquid Type Water
11 I Liquid Holding Volume (gallons) *
12 G Liquid Density (lb/cu.ft.) at standard 62.3
13 N Liquid Specific Gravity 1
14 Liquid Load (lb/hr) 5000
15 Liquid Viscosity (cp) 1
16 D Hydrostatic Test, PSIG *
17 A Shell Heads Corr. Barrier, inches NONE NONE
18 T Shell Head Joint Efficiency, % 85 85
19 A Code: ASME Section VIII Stamp: YES
20 Radiograph: PER CODE Stress Relieve: PER CODE
21 National Board No. N/A
22 Type Supports: THREE(3) LEGS
23 Insulation: NONE
24 Fireproofing: NONE
25 Sandblast: YES Paint: YES  
26 MANHOLE: Hinged? NO Davited? NO Other: HANDLE
27 Platform Clips: NO Ladder Clips: NO Insul. Rings: NO D
28 Pipe Supports: None B
29 Wind Load: 90 mph Seismic Design:  Kentucky Category E
30 Weight Empty: * Lbs Weight Full of Water: * Lbs
31   Item Thickness Mat'l Class Mat'l - Minimum Quality A
32 Shell * Carbon Steel
33 M Heads * Carbon Steel
34 A Lining N/A D
35 T Diameter 24"
36 E Height *
37 R Nozzle Necks  Carbon Steel
38 I Flanges  Carbon Steel
39 A Coupling    Carbon Steel D
40 L M.H. Cover   
41 S Supports Three (3) A-36    
42 Bolts/Studs SA-193 B7/SA-194-2 C
43 Nuts  SA-193 B7/SA-194-2
44 Gaskets  Nitrile
45 N Service    Mark No.    Size   Rating    Face    Type
46 O Inlet A 1 6" 150# RF Flg.
47 Z Outlet B 1 6" 150# RF Flg.
48 Z Drain C 1 3" 150# RF Flg.
49 L Instrument Taps D 4 1"  NPT Coupling  
50 E
51 S NOTES:  
52 1. Vendor to complete information marked "*".
53 2. Vendor to provide lid with two handles.
54 3. 1/4" flat flange, match 150# bolt pattern      Nozzle orientation to be specified in detailed engineering
55 4. Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
G-204



 SHAW SPEC. NO.

TANK SPECIFICATION 122064-T103
SHAW ENVIRONMENTAL, INC NO    BY  DATE REV.  SHEET     1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA  NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-103 3 PADUCAH, KY
EQUIP. NAME: AIR STRIPPER EFFLUENT TANK  BY  APPR  DATE

TDS SES 1/9/07

1 Total Volume: 1,500       gal Field Erected? NO No. Units 1(One)
2 Operating Pressure, in. w.c. Atmospheric
3 Operating Temperature, deg F 60 - 200
4 Operating Time, hrs/day 24 continuous
5 Contents Lethal? No
6 Design Pressure, psi Atmospheric
7 D Design Temperature, deg F 210
8 E Vessel Content: Treated Groundwater
9 S Liquid Density (lb/cu.ft.) at standard 62.3

10 I Top Closed, Dished
11 G Shell Heads Corr. Barrier, inches
12 N Shell Head Joint Efficiency, %
13 Code: Stamp:
14 Radiograph: Stress Relieve:
15 D National Board No.
16 A Type Supports: None, Self-supporting
17 T Insulation: None
18 A Fireproofing: None
19 Sandblast: Yes Paint: Yes
20 MANHOLE: Hinged? No Davited? No Other:
21 Platform Clips: No Ladder Clips: No Insul. Rings:
22 Pipe Supports: None
23 Wind Load: 90 mph Seismic Design:  Kentucky Category E
24 Weight Empty: * lbs Weight Full of Water: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * Carbon Steel
27 M Heads * Carbon Steel
28 A Lining
29 T I.D. 6 ft.  
30 E Height 7 ft.  
31 R Nozzle Necks * Carbon Steel
32 I Flanges * Carbon Steel
33 A Coupling Carbon Steel
34 L M.H. Cover Carbon Steel
35 S Supports Self-supprting  
36 Bolts/Studs SA-193 B7/SA-194-2
37 Nuts SA-193 B7/SA-194-2
38 Gaskets
39 Service    Mark No.    Size   Rating    Face    Type
40 N Inlet - upper Side A 2 4"    
41 O Outlet - lower Side B 1 4"    
42 Z Manway - top C 1 18"    
43 Z Vent - top D 1 4"    
44 L Drain - lower side E 1 4"    
45 E F
46 G
47 S H
48 C J
49 H K
50 E L    
51 D M
52 U N
53 L P
54 E   Nozzle orientation to be specified in detailed engineering
55 NOTE: Vendor to complete information marked  *
56 Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
G-205



 SHAW SPEC. NO.

TANK SPECIFICATION 122064-T104
SHAW ENVIRONMENTAL, INC NO    BY  DATE REV.  SHEET     1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA  NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-104 3 PADUCAH, KY
EQUIP. NAME: HOT GROUNDWATER TANK  BY  APPR  DATE

TDS SES 1/9/07

1 Total Volume: 550 gal Field Erected? NO No. Units 1(One)
2 Operating Pressure, in. w.c. Atmospheric
3 Operating Temperature, deg F 60 - 150
4 Operating Time, hrs/day 24 continuous
5 Contents Lethal? No
6 Design Pressure, psi Atmospheric
7 D Design Temperature, deg F 200
8 E Vessel Content: Treated groundwater
9 S Liquid Density (lb/cu.ft.) at standard 62.3

10 I Top Closed, Dished
11 G Shell Heads Corr. Barrier, inches
12 N Shell Head Joint Efficiency, %
13 Code: Stamp:
14 Radiograph: Stress Relieve:
15 D National Board No.
16 A Type Supports: None, Self-supporting
17 T Insulation: None
18 A Fireproofing: None
19 Sandblast: Yes Paint: Yes
20 MANHOLE: Hinged? No Davited? No Other:
21 Platform Clips: None Ladder Clips: None Insul. Rings:
22 Pipe Supports: None
23 Wind Load: 90 mph Seismic Design:  Kentucky Category E
24 Weight Empty: * lbs Weight Full of Water: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * Carbon Steel
27 M Heads * Carbon Steel
28 A Lining
29 T I.D. 4 ft.  
30 E Height 6 ft.  
31 R Nozzle Necks * Carbon Steel
32 I Flanges * Carbon Steel
33 A Coupling
34 L M.H. Cover
35 S Supports Self-supprting  
36 Bolts/Studs SA-193 B7/SA-194-2
37 Nuts SA-193 B7/SA-194-2
38 Gaskets RUBBER
39 Service    Mark No.    Size   Rating    Face    Type
40 N Inlet - upper Side A 1 4"  RF Flanged
41 O Outlet - lower Side B 1 4"  RF Flanged
42 Z Manway - top C 1 18 "    
43 Z Vent - top D 1 4    
44 L Drain - lower side E 1 4    
45 E F
46 G
47 S H
48 C J
49 H K
50 E L    
51 D M
52 U N
53 L P
54 E   Nozzle orientation to be specified in detailed engineering
55 NOTE: Vendor to complete information marked  *
56 Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
G-206



 SHAW SPEC. NO.

OIL/WATER SEPARATOR 122064-T105
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV. SHEET     1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2     122064

AREA NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-105 3 PADUCAH, KY
EQUIP NAME: DNAPL SEPARATOR  BY  APPR  DATE

TDS SES 1/9/07

1 Total Volume:  * FT3 Field Erected? NO No. Units: 1
2 Operating Pressure, PSIG ATM
3 Operating Temperature, deg F 180
4 Design Pressure, PSIG ATM
5 Design Temperature, deg F 220
6 Fluid 1 Type Liquid TCE
7 Fluid 1 Density (lb/cu.ft.) *
8 D Fluid 1 Specific Gravity 1.4
9 E Fluid 1 Max. Flow Rate (gpm) 8

10 S Fluid 2 Type Groundwater
11 I Fluid 2 Flowrate (gpm) 80
12 G Fluid 2 Density (lb/cu.ft.) 62.3
13 N Fluid 2 Specific Gravity 1
14
15 Top: Closed, flat
16 D Hydrostatic Test, PSIG *
17 A Shell Heads Corr. Barrier, inches NONE NONE
18 T Shell Head Joint Efficiency, % 85 85
19 A Code: ASME Section VIII Stamp: NO
20 Radiograph: PER CODE Stress Relieve: PER CODE
21 National Board No. N/A
22 Type Supports: LEGS
23 Insulation: NONE      A B
24 Fireproofing: NONE
25 Sandblast: YES Paint: YES  
26 MANHOLE: Hinged? NO Davited? NO Other: C
27 Platform Clips: NO Ladder Clips: NO Insul. Rings: NO
28 Pipe Supports: None
29 Wind Load: 90 mph Seismic Design:  Kentucky Category E
30 Weight Empty: * Lbs Weight Full of Water: * Lbs
31   Item Thickness Mat'l Class Mat'l - Minimum Quality
32 Shell * Carbon Steel
33 M Heads * Carbon Steel
34 A Lining N/A
35 T Diameter *
36 E Height *
37 R Nozzle Necks  Carbon Steel
38 I Flanges  Carbon Steel
39 A Coupling    Carbon Steel
40 L M.H. Cover   
41 S Supports Legs A-36
42 Bolts/Studs SA-193 B7/SA-194-2
43 Nuts  SA-193 B7/SA-194-2
44 Gaskets  nitrile rubber D
45 N Service    Mark No.    Size   Rating    Face    Type
46 O Groundwater Inlet A 1 4" 150# RF Flg.
47 Z Condensate Inlet B 1 3" 150# RF Flg.
48 Z Water Outlet C 1 4" 150# RF Flg.
49 L DNAPL Outlet D 1 3" 150# RF Flg.  
50 E
51 S NOTES:  
52 1. Vendor to complete information marked "*".
53 2. Vendor to provide lid with two handles.
54 3. 1/4" flat flange, match 150# bolt pattern      Nozzle orientation to be specified in detailed engineering
55 4. Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
G-207



 SHAW SPEC. NO.

TANK SPECIFICATION 122064-T106
SHAW ENVIRONMENTAL, INC NO    BY  DATE REV.  SHEET     1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA  NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-106 3 PADUCAH, KY
EQUIP. NAME: AIR STRIPPER FEED TANK  BY  APPR  DATE

TDS SES 1/9/07

1 Total Volume:  1,500 gal Field Erected? NO No. Units 1(One)
2 Operating Pressure, in. w.c. Atmospheric
3 Operating Temperature, deg F 60 - 200
4 Operating Time, hrs/day 24 continuous
5 Contents Lethal? No
6 Design Pressure, psi Atmospheric
7 D Design Temperature, deg F 210
8 E Vessel Content: Groundwater
9 S Liquid Density (lb/cu.ft.) at standard 62.3

10 I Top Closed, Dished
11 G Shell Heads Corr. Barrier, inches
12 N Shell Head Joint Efficiency, %
13 Code: Stamp:
14 Radiograph: Stress Relieve:
15 D National Board No.
16 A Type Supports: None, Self-supporting
17 T Insulation: None
18 A Fireproofing: None
19 Sandblast: Yes Paint: Yes
20 MANHOLE: Hinged? No Davited? No Other:
21 Platform Clips: None Ladder Clips: None Insul. Rings:
22 Pipe Supports: None
23 Wind Load: 90 mph Seismic Design:  Kentucky Category E Seismic Ss=2.56 g, S1=0.78g
24 Weight Empty: * lbs Weight Full of Water: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * Fiberglass Reinforced Epoxy
27 M Heads * Fiberglass Reinforced Epoxy
28 A Lining
29 T I.D. 6 ft.  
30 E Height 7 ft.  
31 R Nozzle Necks * Fiberglass Reinforced Epoxy
32 I Flanges * Fiberglass Reinforced Epoxy
33 A Coupling Fiberglass Reinforced Epoxy
34 L M.H. Cover Fiberglass Reinforced Epoxy
35 S Supports Self-supprting  
36 Bolts/Studs
37 Nuts
38 Gaskets
39 Service    Mark No.    Size   Rating    Face    Type
40 N Inlet - upper Side A 1 4"    
41 O Outlet - lower Side B 1 4"    
42 Z Manway - top C 1 18 "    
43 Z Vent - top D 1 2 "    
44 L Drain - lower side E 1 2 "    
45 E F
46 G
47 S H
48 C J
49 H K
50 E L    
51 D M
52 U N
53 L P
54 E   Nozzle orientation to be specified in detailed engineering
55 1.  Vendor to complete information marked  *
56 2.  Resin selected to be compatible with groundwater and TCE at 1,100 ppm concentration.

Paducah C-400 Equip Specs jul 08 08
G-208



 SHAW SPEC. NO.

TANK SPECIFICATION 122064-T107
SHAW ENVIRONMENTAL, INC NO    BY  DATE REV.  SHEET     1 OF 1

A TDS 1/17/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA  NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-107 3 PADUCAH, KY
EQUIP. NAME: LIQUID TCE STORAGE TANK  BY  APPR  DATE

TDS SES 1/9/07

1 Total Volume:  7,000 gal Field Erected? NO No. Units 1(One)
2 Operating Pressure, in. w.c. Atmospheric
3 Operating Temperature, deg F 60 - 100
4 Operating Time, hrs/day 24 continuous
5 Contents Lethal? No
6 Design Pressure, psi Atmospheric
7 D Design Temperature, deg F 150
8 E Vessel Content: Liquid TCE
9 S Liquid Density (lb/cu.ft.) at standard 91

10 I Top Closed, Dished
11 G Shell Heads Corr. Barrier, inches
12 N Shell Head Joint Efficiency, %
13 Code: Stamp:
14 Radiograph: Stress Relieve:
15 D National Board No.
16 A Type Supports: None, Self-supporting
17 T Insulation: None
18 A Fireproofing: None
19 Sandblast: No Paint: None
20 MANHOLE: Hinged? Yes Davited? No Other:
21 Platform Clips:  No Ladder Clips: Yes Insul. Rings:
22 Pipe Supports: None
23 Wind Load: 90 mph Seismic Design:  Kentucky Category E
24 Weight Empty: * lbs Weight Full of Water: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * Carbon Steel
27 M Heads * Carbon Steel
28 A Lining
29 T I.D. 10 ft.
30 E Height 12 ft.
31 R Nozzle Necks * Carbon Steel
32 I Flanges * Carbon Steel
33 A Coupling * Carbon Steel
34 L M.H. Cover  
35 S Supports Self-supporting  
36 Bolts/Studs SA-193 B7/SA-194-2
37 Nuts SA-193 B7/SA-194-2
38 Gaskets RUBBER
39 Service    Mark No.    Size   Rating    Face    Type
40 N Inlet - upper side A 2 4"    
41 O Outlet - lower side B 2 4"    
42 Z Manway - top C 1 18"    
43 Z Vent - top D 1 4"    
44 L Drain - lower side E 1 4"    
45 E Instrument Taps F 4 1"  NPT Coupling
46 G
47 S H
48 C J
49 H K
50 E L    
51 D M
52 U N
53 L P
54 E   Nozzle orientation to be specified in detailed engineering
55 NOTE: Vendor to complete information marked  *
56 Seismic Ss=2.56 g, S1=0.78g

Paducah C-400 Equip Specs jul 08 08
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 SHAW SPEC. NO.

TANK SPECIFICATION 122064-T108
SHAW ENVIRONMENTAL, INC NO    BY  DATE REV.  SHEET     1 OF 1

A TDS 11/26/07 for internal review  PROJECT NAME

PROJECT: C-400 SOIL VAPOR & C-400 SOIL VAPOR & GWTS
GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 2 122064

AREA  NAME: C-400 CLEANING BLDG  LOCATION
TAG NO.: T-108 3 PADUCAH, KY
EQUIP. NAME: Condensate Sump Tank  BY  APPR  DATE

TDS SES 11/26/07

1 Total Volume:  1,500 gal Field Erected? NO No. Units 1(One)
2 Operating Pressure, in. w.c. Atmospheric
3 Operating Temperature, deg F 60 - 200
4 Operating Time, hrs/day 24 continuous
5 Contents Lethal? No
6 Design Pressure, psi Atmospheric
7 D Design Temperature, deg F 210
8 E Vessel Content: Groundwater
9 S Liquid Density (lb/cu.ft.) at standard 62.3

10 I Top Closed, Dished
11 G Shell Heads Corr. Barrier, inches
12 N Shell Head Joint Efficiency, %
13 Code: Stamp:
14 Radiograph: Stress Relieve:
15 D National Board No.
16 A Type Supports: None, Self-supporting
17 T Insulation: None
18 A Fireproofing: None
19 Sandblast: Yes Paint: Yes
20 MANHOLE: Hinged? No Davited? No Other:
21 Platform Clips: None Ladder Clips: None Insul. Rings:
22 Pipe Supports: None
23 Wind Load: 90 mph Seismic Design:  Kentucky Category E Seismic Ss=2.56 g, S1=0.78g
24 Weight Empty: * lbs Weight Full of Water: * lbs
25   Item Thickness Mat'l Class Mat'l - Minimum Quality
26 Shell * Fiberglass Reinforced Epoxy
27 M Heads * Fiberglass Reinforced Epoxy
28 A Lining
29 T I.D. 3 ft.  
30 E Height 6 ft.  
31 R Nozzle Necks * Fiberglass Reinforced Epoxy
32 I Flanges * Fiberglass Reinforced Epoxy
33 A Coupling Fiberglass Reinforced Epoxy
34 L M.H. Cover Fiberglass Reinforced Epoxy
35 S Supports Self-supprting  
36 Bolts/Studs
37 Nuts
38 Gaskets
39 Service    Mark No.    Size   Rating    Face    Type
40 N Inlet - upper Side A 1 2"    
41 O Outlet - lower Side B 1 2"    
42 Z Manway - top C 1 12 "    
43 Z Vent - top D 1 1 "    
44 L Drain - lower side E 1 1 "    
45 E F
46 G
47 S H
48 C J
49 H K
50 E L    
51 D M
52 U N
53 L P
54 E   Nozzle orientation to be specified in detailed engineering
55 1.  Vendor to complete information marked  *
56 2.  Resin selected to be compatible with groundwater and TCE at 1,100 ppm concentration.
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 SHAW SPEC. NO.

EQUIPMENT SPECIFICATION 122064-Y1,Z1 through Y4,Z4
SHAW ENVIRONMENTAL, INC. NO    BY  DATE REV.  SHEET     

1  OF  1

B TDS 7/07/08 int review  PROJECT NAME

C-400 SOIL VAPOR & GWTS
    PROJECT:     C-400 SOIL VAPOR &  JOB  NO.

    GROUNDWATER TREATMENT 122064
    SYSTEMS  LOCATION

    AREA:     C-400 CLEANING BLDG PADUCAH, KY
    TAG NO.:     Y1/Z1 through Y4/Z4  BY  APPR  DATE
    EQUIP: COMPRESSION/CONDENSATION/ KT SES/LW 7/07/08

ADSORB/DESORPTION SYSTEMS

Process Data:
Fluid: Saturated Vapor from Soil Vacuum Extraction 
Normal Flow Rate: 1,500 standard cubic feet per minute (scfm) (dry basis)
Min Flow Rate: 600  scfm
Max Flow Rate: 1,500  scfm
Fluid Temp: 70-103 oF will be cooled to 70 to 100 F before entering the Compression System (Y1-Y10)
Fluid pH: Acidic
Fluid Spec Gravity:
Air Temperature: 0 to 110 oF

Fluid Composition: Influent Conc. Required Effluent Conc. Required Percent
(ppmv) (ppmv) Removal

Organics Trichloroethene 20,000 15 99.9
Vinyl Chloride Unknown 15 99.0

Design Data:
Equipment Location: Outdoors
Ambient Temp: 0 to 110 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g
Design Pressure:
Materials of Construction: 304L Stainless Steel (wetted parts)

Notes:
1.  Vendor shall provide skid mounted systems including compressors/receivers/after coolers (skid Z1 through Z-4 as required),
     condensation/adsorption/desorption systems (skid Y1 through Y7 as required), and all instrumentation and controls as required
     within the boundaries of the vendor's package system as depicted on Drawing No. P7DC40000A009.  The system should be prepiped
     and prewired to the extent practical prior to shipment to the owner's site.  The vendor shall fabricate a control panel to house  
     electrical devices such as motor starters, relays, push buttons, pilot lights, instrument displays, and other electrical apparatus and
     controls.  

2.  The vendor's electrical design, materials, and installation shall comply with Shaw Specification No. 31.1, "Engineering Standard for
      Packaged Equipment".
3.   Vendor shall provide stainless steel I.D. tags for all equipment and instrumentation within scope of supply.
4.   Vendor shall clearly state any exceptions to the requirements outlined in this data sheet.

Data to be Provided by Vendor:
Equipment Arrangment Plan and Elevation Drawings
Equipment Dimensions
Equipment Materials of Construction
System Process Flow & Instrumentation Drawing (PF&ID)
Skid Weight
Fan Performance Curve (if applicable)
Equipment Horsepower
Equipment and Instrument Cut Sheets
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COOLING TOWER  SHAW SPEC. NO. Y-901

SPECIFICATION  
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

B TDS 7/07/08 int review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: Y-901 PADUCAH, KY
    EQUIPMENT: COOLING TOWER  BY  APPR  DATE

TDS SES 7/07/08

  Process Data:   Process Fluid
Fluid: Water
Volumetric Flow Rate: 1100 GPM
Fluid Temp inlet: 100 oF
Fluid Temp outlet: 90 oF
Wet Bulb Temperature: 80 oF
Total Cooling Capacity: 5,200,000 BTU/hr

  Design Data:
Manufacturer: Cooling Tower Systems or Equivalent
Model: T-2500
Type: Cooling Tower
Housing Material: FRP
Fan Motor: 25 HP
Fan Diameter: *
Estimated Air Volume: 150,000 CFM

Recirculation Pump Capacity, GPM 1200
Pump differential head, ft 50
Estimated Pump motor HP 30

Process Inlet: 10"
Process Outlet: 10"
Unit Dimensions: *
Unit Weight (dry/wet): *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: 0 to 120 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g
Notes:
1.  Vendor to complete information marked *
2.  Vendor to supply cooling water pump (w. motor control) and 200 gallon glycol-water tank.
3.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Installation Instruction, Operating/Maintenance Manual etc.
4.  Vendor to include Delivery Schedules, and certified shop hydrostatic test data if required.
5. Equipment shall be provided with stainless steel I.D. tags.
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GLYCOL CHILLER  SHAW SPEC. NO. Y-902

SPECIFICATION  
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

B TDS 7/07/08 int review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: Y-902 PADUCAH, KY
    EQUIPMENT: GLYCOL CHILLER  BY  APPR  DATE

TDS SES 7/07/08

  Process Data:   Process Fluid  Refrigerant Data
Fluid: 20% Ethylene Glycol Solution R-22
Pressure Loss: 3.6  psi 3.7 psi
Volumetric Flow Rate: 187 gpm
Mass Flow Rate: 61,300 *
Fluid Temp inlet: 55
Fluid Temp outlet: 45
Exp Valve Inlet Temp: *
Saturated Suction Temp: *
Suction Superheat: *
Sat Suction Pressure: *
Total Refrigerating Capacity: 75 tons (900,000 BTU/hr)

  Design Data:
Manufacturer: KETEMA LP or Equivalent
Chiller Model: AARC-075A
Type: Modified single-circuit, air-cooled chiller
Housing Material: *
Evaporator Model: *
Condenser Model: Air Cooled - Air Cooled T-01
# Condenser Fans: *
Condenser Fan Motor HP: *
Recirculation Pump Capacity, GPM 187
Pump differential head, ft 50
Estimated Pump motor HP 5

Process Inlet (inches): *
Process Outlet (inches): *
Unit Dimensions: *
Unit Weight (dry/wet): *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: 0 to 120 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g
Notes:
1.  Vendor to complete information marked *
2.  Vendor to supply glycol pump with low pressure/flow swithces and motor control.
3.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Installation Instruction, Operating/Maintenance Manual etc.
4.  Vendor to include Delivery Schedules, and certified shop hydrostatic test data if required.
5. Equipment shall be provided with stainless steel I.D. tags.
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AIR COMPRESSOR  SHAW SPEC. NO. Z-901

SPECIFICATION  
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

A TDS 1/17/07 int review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: Z-901 PADUCAH, KY
    EQUIPMENT: UTILITY AIR COMPRESSOR  BY  APPR  DATE

TDS SES 1/9/07

  Process Data:   Process Fluid
Fluid: Compressed Air
Flow Rate Required at Pressure: 240 scfm at 90 psig
Min Flow Rate: 0 scfm
Max Flow Rate: 240 scfm
Pressure Required: 90 psig
Air Temperature: -15 to 105 oF

  Design Data:
Type: Rotary Screw
Manufacturer: Ingersoll Rand or Equivalent
Model: EP60
Horsepower: 60 HP
Air Flow at Max. Pressure: 244 cfm
Full Load Pressure: 125 psig
Size of Air Receiver: *
Air Receiver Configuration: *
Weight of Unit (lbs): *
Materials of Construction: *

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: -15 to 105 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g

Notes:
1.  Vendor to complete information marked *
2.  The system should be prewired to the extent practical prior to shipment to the owner's site.  The air compressor shall include
    a control panel to house electrical devices such as motor starters, relays, push buttons, pilot lights, instrument displays, 
     and other electrical apparatus and controls.  
3.  Vendor to supply air receiver tank and air filter.
4.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Installation Instruction, Operating/Maintenance Manual etc.
5.  Vendor to provide equipment material of construction,  Equipment Arrangement Plan and Elevation Drawings.
6.  The vendor shall clearly state any exceptions to the requirements outlined in this data sheet and attached procurement 
     documentation.
7.  Equipment shall be provided with stainless steel I.D. tags.
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AIR DRYER  SHAW SPEC. NO. Z-902

SPECIFICATION  
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

A TDS 1/17/07 int review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: Z-902 PADUCAH, KY
    EQUIPMENT: AIR DRYER  BY  APPR  DATE

TDS SES 1/9/07

  Process Data:   Process Fluid
Fluid: Compressed Air
Flow Rate Required 30 scfm
Pressure Required: 30 psig
Air Temperature: -15 to 105 oF

  Design Data:
Type: Desiccant Air Dryer
Manufacturer: Ingersoll Rand or Equivalent
Model: TZM (0-200 cfm)
Materials of Construction: *
Pre-Filter: Yes
Pre-Filter Model: GP40
After-Filter: Yes
After-Filter Model: DP40

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: -15 to 105 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g

Notes:
1.  Vendor to complete information marked *
2.  The system should be prewired to the extent practical prior to shipment to the owner's site.  The air dryer shall include
    a control panel to house electrical devices such as motor starters, relays, push buttons, pilot lights, instrument displays, 
     and other electrical apparatus and controls.  
3.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Installation Instruction, Operating/Maintenance Manual etc.
4.  The vendor shall clearly state any exceptions to the requirements outlined in this data sheet and attached procurement 
     documentation.
5.  Equipment shall be provided with stainless steel I.D. tags.
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GENERATOR SET  SHAW SPEC. NO. Z-910

SPECIFICATION  
 SHAW ENVIRONMENTAL, INC. NO BY DATE REV PAGE 1  OF  1

 PROJECT NAME

A LM 12/28/07 int review C-400 SOIL VAPOR & GWTS
 

    PROJECT: C-400 SOIL VAPOR & GROUNDWATER  JOB  NO.
TREATMENT SYSTEMS 122064

    AREA: C-400 CLEANING BLDG  LOCATION
    TAG NO.: Z-910 PADUCAH, KY
    EQUIPMENT: Back-up Diesel Genset  BY  APPR  DATE

LM SES 12/28/07

  Fundamental Ratings Data:   Parameters
Power: 600KW or 750KVA (nominal standby mode) 
Voltage & Phase: 480 Volts, 3-Phase
Frequency: 60 Hz
Temp Rise: 150 deg C Rise
Fuel: #2 Diesel
Max. Fuel Flow, gph (Lph) 63 (240)
Generator Size, LxWxH max in, (mm) 151 x 63.4 x 83 (3833 x 1610 x 2107) GenSet only - no enclosure
Generator Weight, LB (kg) 11,540 (5235) GenSet only - no enclosure

  Design Data:
Type: Generator Set
Manufacturer: Kohler or Equivalent
Model: 600REOZM

  Options Design Data:
Enclosure Type Option: Weather and Sound capability

Desired min. run time at Full load: 24.4 hours
Fuel Tank Capacity: gal(Liters) 1086 (4111)
Tank Location: Sub-base bleow generator & enclosure
Fuel Tank Size: LxWxH in.(mm) 197 x 105.9 x 24 (5000 x 2691 x 610)
Gen w/Sound Enclosure Rating: 75 dB(A) at 23 ft.

Overall Size, LxWxH max in, (mm) 306.1 x 105.9 x 155 (7775 x 2691 x 3939)
Overall system Weight, LB (kg) 22001 (9988) est.

  Ambient Conditions:
Equipment Location: Outdoors
Ambient Temp: -15 to 105 oF
Wind Load: 90 mph
Seismic Design: Kentucky Category E Seismic Ss=2.56 g, S1=0.78g

Notes:
1.  Vendor to complete information marked *
2.  The system should be prewired to the extent practical prior to shipment to the owner's site.  The unit shall include
    a control panel to house electrical devices such as motor starters, relays, push buttons, pilot lights, instrument displays, 
     and other electrical apparatus and controls.  
3.  Vendor to include Technical Manual, Spare Part List, Factory Certified Test Data, Cut Sheets, 
     Installation Instruction, Operating/Maintenance Manual etc.
4.  The vendor shall clearly state any exceptions to the requirements outlined in this data sheet and attached procurement 
     documentation.
5.  Equipment shall be provided with stainless steel I.D. tags.
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PREFACE 

This Land Use Control Implementation Plan: Interim Remedial Action for the Groundwater Operable 
Unit for the Volatile Organic Compound Contamination at the C-400 Cleaning Building at the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky, DOE/OR/07-2151&D2/R1, was prepared in accordance 
with the approved Land Use Control Assurance Plan for the Paducah Gaseous Diffusion Plant, Paducah, 
Kentucky, DOE/OR/07-1799&D2, dated January 2000. This implementation plan identifies the area that 
is under restriction, identifies each land use control objective for the area of volatile organic compound 
contamination at the C-400 Cleaning Building area, and identifies the specific controls and mechanisms 
required to achieve each identified objective. 
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ACRONYMS 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
DOE U.S. Department of Energy 
E/P excavation/penetration 
EPA U.S. Environmental Protection Agency 
ERH electrical resistance heating 
FFA Federal Facility Agreement 
IRA Interim Remedial Action 
KDEP Kentucky Department for Environmental Protection 
KEPPC Kentucky Environmental and Public Protection Cabinet 
KRS Kentucky Revised Statutes 
LUC land use control 
LUCAP land use control assurance plan 
LUCIP land use control implementation plan 
MOA Memorandum of Agreement 
PGDP Paducah Gaseous Diffusion Plant 
ROD record of decision 
TCE trichloroethene 
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1. INTRODUCTION 

The Record of Decision (ROD) for Interim Remedial Action (IRA) for the Groundwater Operable Unit 
for the Volatile Organic Compound Contamination at the C-400 Cleaning Building at the Paducah 
Gaseous Diffusion Plant (PGDP), Paducah, Kentucky, DOE/OR/07-2150&D2/R2, issued August 2005, 
incorporates land use controls (LUCs) as a component of the selected remedy (DOE 2005).  

The selected remedy consists of the following primary elements: 

• A remedial design investigation to further determine areal and vertical extent of the contamination in 
the C-400 Cleaning Building area to determine optimum placement of the remediation system; 

• Removal and treatment of trichloroethene (TCE) and other volatile organic compounds (VOCs) from 
the contaminant source zone in the Upper Continental Recharge System and Regional Gravel Aquifer 
at the C-400 Cleaning Building area using Electrical Resistance Heating (ERH); 

• Implementation, maintenance, and reporting of LUCs on the C-400 Cleaning Building area; and 

• Continuation of groundwater monitoring of the source and dissolved-phase plumes, since 
contamination would remain in place following the interim remedial actions. 

Further description of the full scope of the interim remedial action is presented in the ROD. 

A Memorandum of Agreement (MOA) among the U.S. Department of Energy (DOE), the U.S. 
Environmental Protection Agency (EPA), and the Commonwealth of Kentucky establishes and 
implements a Land Use Control Assurance Plan (LUCAP) for the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky, DOE/OR/07-1799&D2, (DOE 2000). The LUCAP is applicable when LUCs are 
selected as part of a remedial action being taken (EPA 2000). The PGDP LUCAP specifies that a unit-
specific Land Use Control Implementation Plan (LUCIP) will be developed as a component of the post-
ROD documentation for each waste unit that requires LUCs as part of the corrective measure/remedial 
action selected on or after the effective date of the MOA. This LUCIP is part of a Primary Document, the 
C-400 Remedial Design (90% Design) Report and will be appended to the LUCAP once approved by 
EPA and the Kentucky Environmental and Public Protection Cabinet (KEPPC). 

2. PURPOSE 

As stated in the LUCAP (DOE 2000), the specific purposes of this LUCIP are to accomplish the 
following: 

• Identify the area that is under restriction (i.e., subject to LUCs); 
• Identify each LUC objective; and 
• Specify the specific controls and mechanisms required to achieve each identified objective. 
 
The C-400 Cleaning Building area (C-400 Area) that is to be addressed by Property Record Notice, Deed 
Restrictions, Environmental Covenant, Access Controls, and the Excavation/Penetration Permits Program 
is depicted in Figure 1., LUC Boundary for the C-400 Area (as the hatched area). The LUC objectives are 
presented in Section 3 and the specific LUCs for the C-400 Area are described in Section 4 below. 
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3. LAND USE CONTROL OBJECTIVES  

The following LUC objectives are applicable to the interim remedial action: 

• Maintain the integrity of any current or future remedial or monitoring system; 

• Prohibit the development and use of the C-400 Cleaning Building area for residential housing, 
elementary and secondary schools, child care facilities, and playgrounds; 

• Prevent exposure of current and future on-site industrial workers to groundwater/soils and prevent use 
of the groundwater at the C-400 Cleaning Building area through institutional controls (e.g., the 
current Excavation/Penetration, (E/P) Permits Program) and through Deed Restrictions; and 

• Provide notice in property records regarding contamination and response actions at the C-400 
Cleaning Building area. 

4. LAND USE CONTROLS  

The selected remedy for the VOC contamination at C-400 Area includes five LUCs: Property Record 
Notice, Deed Restrictions, Environmental Covenant, Excavation/Penetration Permits Program, and 
Access Controls. Table 1 contains a summary of these LUCs, including the purpose, duration, 
implementation, and affected areas. Figure 1 shows the C-400 Area (the hatched area) that is addressed by 
Property Record Notice, Deed Restrictions, Environmental Covenant, Access Controls and the E/P 
Permits Program. Figure 1 also shows the interpreted TCE groundwater plume in the vicinity of the C-
400 Building.  Note that the groundwater plume outside of the C-400 Area (i.e., outside hatched area in 
Figure 1) is beyond the scope of the interim remedial action and will be addressed in a future response 
action.  Each of the controls is discussed in more detail in the following subsections.  

4.1 PROPERTY RECORD NOTICE 

The term “Property Record Notice,” as used in this LUCIP, refers to any nonenforceable, purely 
informational document recorded along with the original property acquisition records of DOE and its 
predecessor agencies that alerts anyone searching the records to important information about the 
contamination present at the C-400 Area, as depicted in Figure 1 (hatched area). A Property Record 
Notice (Notice) will be filed at the McCracken County Clerk’s Office, in accordance with state and 
federal law, within 120 days of regulatory approval of the LUCIP and will remain in effect until DOE, the 
KEPPC, and EPA approve a request to modify or delete it. The Notice will include the purpose of the 
Notice, a brief summary of the main contaminants of concern, a description of the CERCLA remedial 
action including LUCs, a description of the land/groundwater use restrictions for the C-400 Area, and a 
DOE program contact. The Property Record Notice will contain information regarding the groundwater 
plume sitewide. The Notice will inform the reader that an Environmental Covenant is to be recorded prior 
to any other interest being created in the DOE property subject to the interim action or before any actual 
transfers of such property. The Notice also will inform the reader that, upon title transfer of the C-400 
Area (Figure 1, hatched area), the deed will include applicable land use restrictions and information 
required by CERCLA Section 120 (h) (3).  The Notice also will include a survey plat, accomplished by a 
registered land surveyor (under the direction and approval of a DOE official and consistent with 
applicable security requirements), that depicts the contamination and the area subject to LUCs and 
describes the use restrictions that correspond to the hatched area on Figure 1. DOE will file both the 
Notice and survey plat in the register of deeds records (e.g., Real Estate Office) of the McCracken County 
Clerk. A copy of the Property Record Notice to be filed is included as Appendix A. 



C-400

Figure 1.  LUC Boundary for the C-400 Area
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Table 1. Summary of LUCs for the area of VOC contamination at C-400 at PGDP 

Type of control Purposes of control Duration Implementation Affected areas 

Property Record 
Notice a Provide notice to anyone searching 

records about the existence and location 
of contaminated areas, the CERCLA 
remedy including LUCs, the 
land/groundwater use restrictions to be 
included in property transfer documents, 
and requirement to execute an 
Environmental Covenant. 

LUCs will be maintained until the 
concentrations of hazardous substances 
in the soil and groundwater are at such 
levels to allow for unrestricted use and 
unlimited exposure. The LUC will 
remain in place until Kentucky/EPA 
approve a DOE request to 
modify/delete the LUCs. 

 

Notice recorded by DOE in accordance with 
state law and federal law at the McCracken 
County Clerk’s Office within 120 days of 
regulatory approval of the LUCIP. 

 

C-400 Area 
(Located within the 
PGDP security fence.) 

Deed Restrictions b Limit use of the property to industrial 
activities, prevent industrial worker 
exposure to soil/groundwater 
contamination, and restrict use of the 
soil/groundwater to protect human 
health and the environment from the 
potential of inadvertent exposures to 
residual contamination. 

LUCs will be maintained until the 
concentrations of hazardous substances 
in the soil and groundwater are at such 
levels to allow for unrestricted use and 
unlimited exposure. The LUC will 
remain in place until Kentucky/EPA 
approve a DOE request to 
modify/delete the LUCs. 

 

The DOE will prepare and then record the deed 
with the McCracken County Clerk, in 
accordance with the laws of the Commonwealth 
of Kentucky and federal requirements. 
Concurrent with the transfer of fee title from 
DOE to the Grantee, information regarding the 
environmental use restrictions and land use 
controls will be communicated in writing to the 
property owners and to appropriate state and 
local agencies to ensure such agencies can 
factor such conditions into their oversight and 
decision-making activities regarding the 
property. 

 

C-400 Area 
(Located within the 
PGDP security fence.) 

Environmental 
Covenant c 

Impose enforceable activity and use 
restrictions on contaminated property to 
protect human health and the 
environment from the potential of 
inadvertent exposures to residual 
contamination. 

LUCs will be maintained until the 
concentrations of hazardous substances 
in the soil and groundwater are at such 
levels to allow for unrestricted use and 
unlimited exposure. The LUC will 
remain in place until Kentucky/EPA 
approve a DOE request to 
modify/delete the LUCs. 

DOE is to record the Environmental Covenant 
prior to any other interest(s)b being created in 
the DOE property that is the subject of this 
interim action or before any actual transfer of 
such property. The Environmental Covenant is 
to be recorded at the McCracken County 
Clerk’s Office in accordance with applicable 
federal and state law. 

C-400 Area 

(Located within the 
PGDP security fence.) 

a Property Record Notice – Refers to any nonenforceable, purely informational document recorded along with the original property acquisition records of DOE and its predecessor agencies that alerts 
anyone searching property records to important information about contamination/waste on the property. 

b Deed Restrictions – Refers to conditions and/or covenants that restrict or prohibit certain uses of real property and to limitations on its use necessitated by residual contamination in accordance with 
federal and state law. 

c Environmental Covenant – Refers to the document executed by the property owner (i.e., the United States) and approved by KEPPC pursuant to KRS 224.80-100 that includes activity and use 
restrictions for contaminated property (i.e., Impacted Area), which is recorded and enforceable by Kentucky, EPA, and interest holders against owners and subsequent owners. 
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Table 1. Summary of LUCs for the area of VOC contamination at C-400 at PGDP (continued) 

Type of control Purposes of control Duration Implementation Affected areas 

Excavation/Penet
ration Permits 
Programd  

Requires review and approval of 
any proposed intrusive activities 
to protect workers and remedy 
integrity; process may prohibit 
or limit intrusive activities. 

LUCs will be maintained until 
the concentrations of hazardous 
substances in the soil and 
groundwater are at such levels to 
allow for unrestricted use and 
unlimited exposure. The LUC 
will remain in place until 
Kentucky/EPA approve a DOE 
request to modify/delete the 
LUCs. 

• Implemented by DOE and/or its 
contractors. 

• Provide permits program with 
contamination information as soon as 
practicable after signing the ROD and 
update information regularly while 
remediation proceeds. 

• Initiated by permit request. 
 

C-400 Area  
(Located within the PGDP 
security fence.) 

Access Controlse 
(e.g., signage, 
fences, gates, 
security 
measures, etc.) 

Restrict access to workers and 
prevent public/uncontrolled 
access to contaminated areas. 

LUCs will be maintained until 
the concentrations of hazardous 
substances in the soil and 
groundwater are at such levels to 
allow for unrestricted use and 
unlimited exposure. The LUC 
will remain in place until 
Kentucky/EPA approve a DOE 
request to modify/delete the 
LUCs. 

 
Access controls will be implemented during 
installation and operation ERH systems at 
select areas within the C-400 Area.  These 
access controls will include warning and 
informational signage, temporary fencing 
and/or barricades, and visitor sign-in 
controls.  Upon completion of the remedial 
action, these interim controls will cease and  
long-term access controls may be selected 
as LUCs to be maintained in accordance 
with the requirements of this LUCIP. 
 

 C-400 Area  
(Located within the PGDP 
security fence.) 

d  Excavation/Penetration Permits Program – Refers to the internal DOE/DOE contractor administrative program(s) that requires the permit requestor to obtain authorization, usually in the form of a 
permit, before beginning any excavation/penetration activity (e.g., well drilling) for the purpose of ensuring that the proposed activity will not affect underground utilities/structures, or in the case of 
contaminated soil or groundwater, will not disturb the affected area without the appropriate precautions and safeguards. 
eAccess Controls – Physical barriers or restrictions to entry. (e.g., signage, fences, gates, security measures, etc.)
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4.2 DEED RESTRICTIONS 

The term “Deed Restriction,” as used in this LUCIP, refers to conditions and/or covenants that restrict or 
prohibit certain uses of real property and to limitations on its use necessitated by residual contamination 
in accordance with federal and state law. 

DOE will provide notice to EPA and Kentucky at least 90 days prior to any transfer or sale of the C-400 
Area (Figure 1, hatched area) so that EPA and Kentucky can be involved in discussions to ensure that 
appropriate provisions to maintain effective LUCs are included in the transfer terms or conveyance 
documents. In addition to the land transfer notice above, DOE will provide EPA and Kentucky with 
similar notice, within the same time frames, as to any federal-to-federal transfer of property. DOE will 
provide a copy of executed deed or transfer assembly to EPA and Kentucky.  

Each transfer of fee title from DOE of any portion (i.e., parcel) of contaminated land in the C-400 Area 
will include a covenant as specified in the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) 120(h)(3), which will contain a description of the residual contamination on the 
property and the environmental use restrictions, expressly prohibiting activities inconsistent with the 
remedial action and LUC objectives. The environmental restrictions are included in a section of the 
CERCLA 120(h)(3) covenant that DOE is required to include in the deed for any property that has had 
hazardous substances stored for one year or more, or on which hazardous substances are known to have 
been released or disposed of on the property. Each deed also will contain a reservation of access to the 
property for DOE, EPA, and Kentucky and their respective officials, agents, employees, contractors, and 
subcontractors for purposes consistent with implementing remedial investigations/actions pursuant to the 
FFA. 

In the event DOE plans to transfer fee title to any portion (i.e., parcel) of the contaminated land in the C-
400 Area, DOE will comply with the transfer provisions of CERCLA Section 120(h)(3), the FFA, and the 
LUCAP, including any requirements pertaining to the imposition of restrictions on future land use (see 
Appendix B). The deed(s) (or other conveyance document) for such transfer will contain appropriate 
provisions to ensure that the use restrictions continue to run with the land and are enforceable by the DOE 
against the Grantee (including any successors and/or assigns). The deed(s) will provide that any lease or 
subsequent deed executed by the Grantee for the parcels within the C-400 Area property must include 
land/groundwater use restrictions that are no less restrictive than the use restrictions described in 
Appendix B of this LUCIP. The deed(s) also will include the requirement that any transferee lease contain 
the same use restrictions and conditions related to LUCs. Before executing the deed(s) for conveyance, 
the DOE will provide notice to EPA and Kentucky Department for Environmental Protection (KDEP) of 
the final draft deed language and provide an opportunity to review the restrictive covenants, use 
conditions, and other LUC provisions. The DOE will prepare and then record the deed with the Real 
Estate Office of the McCracken County Clerk, in accordance with the laws of the Commonwealth of 
Kentucky and federal law. Concurrent with the transfer of fee title from DOE to the Grantee, information 
regarding the environmental use restrictions and LUCs will be communicated in writing to the property 
owners and to appropriate state and local agencies to ensure such agencies can factor such conditions into 
their oversight and decision-making activities regarding the property. During the time between the 
adoption of the ROD for the C-400 Area and the deeding of the property, DOE shall ensure that any new 
lease contains land/groundwater use restrictions and controls no less restrictive than the use restrictions 
included in Appendix B of this LUCIP. These lease terms shall remain in place until the property is 
transferred by deed, at which time they will be superseded by the LUCs described in the ROD and this 
LUCIP. 
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4.3 ENVIRONMENTAL COVENANT 

An Environmental Covenant will be created for the C-400 Area (Figure 1, hatched area) in accordance 
with federal and state law, including KRS 224.80-100 et seq., and recorded prior to any other interests 
being created in the DOE property (e.g., liens, mortgages, leases, easements, licenses, profits, servitudes, 
covenants, or life estates) or before any actual transfer of such property. The term “Environmental 
Covenant,” as used in this LUCIP, refers to the document executed by the property owner (i.e., the United 
States) and approved by EPA and KEPPC pursuant to KRS 224.80-100 that includes activity and use 
restrictions for the Impacted Area (i.e., the contaminated property indicated by the hatched area on Figure 
1), which is recorded and enforceable by Kentucky, EPA, and interest holders against owners and 
subsequent owners. The Environmental Covenant will include the information, restrictions, and 
requirements in accordance with the ROD, LUCIP, and KRS Chapter 224 Subchapter 80. Prior to 
recording the Environmental Covenant, DOE shall request modification to revise the final C-400 
Remedial Design Report, Appendix H, (namely this LUCIP) in accordance with FFA Section XX.J 
Subsequent Modifications of Final Documents. DOE shall submit a draft revised LUCIP, including an 
executed copy of the Environmental Covenant, for review and approval by EPA and KEPPC. Following 
approval of the revised Appendix H of the Remedial Design Report, DOE shall record the Environmental 
Covenant at the McCracken County Clerk’s Office, in accordance with applicable federal/state law, and 
send file stamped copies to the Kentucky Division of Waste Management and EPA. In addition, the DOE 
shall include a file-stamped copy of the Environmental Covenant in the revised copy of the LUCIP that 
must be attached to the LUCAP. The restrictions to be included in the Environmental Covenant are 
provided in Appendix B. The Environmental Covenant will be maintained until the concentrations of 
hazardous substances within the soil and groundwater are at such levels to allow for unrestricted use and 
unlimited exposure. The Environmental Covenant will remain in place until KEPPC and EPA approve a 
request by DOE to modify or delete it. 

4.4 EXCAVATION/PENETRATION PERMITS PROGRAM 

This LUC will apply to the C-400 Area, as depicted in Figure 1 (hatched area). The E/P Program will be 
the primary mechanism to control industrial worker exposure to waste, below-grade structures, or 
contaminated soil/groundwater left in place that could be encountered during excavation activities. The 
E/P Program refers to the existing program administered by DOE’s contractors at PGDP and currently 
includes a specific permitting procedure (PA-2012 or equivalent) designed to provide a common site wide 
system to identify and control potential personnel hazards related to trenching, excavation, and 
penetration. The E/P permits are issued by the Paducah Site’s DOE Prime Contractor.  These permits 
currently are being issued by the Engineering Department of Paducah Remediation Services, LLC.1 The 
primary objective of the E/P permits procedure is to provide notice to the organization requesting a permit 
of existing underground utility lines and/or other structures and to ensure that any E/P activity is 
conducted safely and in accordance with all environmental compliance requirements pertinent to the area. 

The E/P permits procedure 

• Requires formal authorization (i.e., internal permits/approvals) before beginning any intrusive 
activities at PGDP; 

• Is reviewed annually; and 

                                                      

1 The contractor and/or organization may change from time-to-time without need to modify this LUCIP.  
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• Is implemented by trained personnel knowledgeable in its requirements.  

An initial draft of an E/P permit is reviewed by project support groups such as Environmental 
Compliance, Industrial Hygiene, Industrial Safety, Quality Assurance, and Nuclear and Facility Safety 
and approved by Nuclear and Facility Safety, the Facility Manager, the Issuing Authority/Engineering, 
and the work group Supervisor and Safety Representative. The reviews conducted by these sections 
ensure that the latest updates in engineering drawings, utility drawings, and solid waste management unit 
inventories are considered prior to the issuance of an E/P permit. 

Within 30 days of regulatory approval of the LUCIP, the LUCIP and other CERCLA documents 
containing pertinent information regarding the extent of soil and groundwater contamination associated 
with the C-400 Area will be made available to the organizations responsible for implementing the E/P 
Permits Program, and this information will be utilized by these organizations in reviewing an E/P request. 
The information regarding extent of contamination in these documents will be utilized by these 
organizations and taken into account before authorizing any E/P. The DOE shall notify EPA and KDEP 
of any material changes (such as significant revisions, cancellation, etc.) to the E/P permits procedure that 
would affect implementation of this LUC and potentially affect the remedy effectiveness. 

 

4.5 ACCESS CONTROLS 

The PGDP is a federal facility with restricted access by the general public. Physical access to the PGDP is 
prohibited by security fencing, and armed guards patrol the DOE property 24 hours per day to restrict 
workers entry and prevent uncontrolled access by the public/site visitors. Figure 2 shows the PGDP 
Secured Area Boundary. These existing access controls are being maintained outside of the requirements 
of CERCLA and this LUCIP due to the nature and security needs of the facility. Access controls will be 
implemented during installation and operation of ERH systems at select locations within the C-400 Area.  
These interim access controls will include warning and informational signage, temporary fencing and/or 
barricades, and visitor sign-in controls. The designated locations for these interim access controls will be 
provided in the Remedial Action Work Plan and depicted in a figure of appropriate scale. Upon 
completion of the remedial action, these interim actions will cease and long-term access controls may be 
selected as LUCs to be maintained in accordance with the requirements of this LUCIP. 

As interim controls, warning signs for the C-400 Area will be posted before beginning C-400 IRA field 
activities that involve worker exposure to contaminated groundwater and soils.  The signs shall 1) include 
lettering that is legible from a distance of least 25 feet; 2) contain contact information for DOE and/or 
contractor personnel; 3) be visible from surrounding areas and at potential routes of entry into the C-400 
Area. The warning signs shall contain language similar to the following:  

 
WARNING: CONTAMINATED AREA 

Hazardous Substances in Soil and Groundwater 
Authorized Access Only 

Contact: [Name and phone number] 
 



PGDP Secured Area Boundary

Figure 2.  Paducah Gaseous Diffusion Plant (PGDP) Secured Area Boundary
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5. MONITORING AND INSPECTING LUCS 

LUCs at the C-400 Area (Figure 1, hatched area) will be maintained until the concentration of hazardous 
substances in the soil and groundwater are at levels to allow for unrestricted use and unlimited exposure.   
Records pertaining to the monitoring and field inspections will be maintained in accordance with the data 
and records management provisions of the FFA. 

The frequency and implementation of the monitoring of the LUCs is specified herein. The DOE and/or its 
contractors will perform the monitoring and annual field inspections. Although DOE may transfer these 
procedural responsibilities to another party by contract, transfer agreement, or through other means, DOE 
will retain ultimate responsibility for the remedy integrity, including the LUCs, to the extent provided by 
applicable law. However, DOE’s ultimate responsibility will not diminish the transferee’s responsibility 
for conducting such activities in accordance with any agreement with DOE or applicable law. The DOE 
will notify EPA and KDEP as soon as practicable, but no longer than 10 days, after discovery of any activity 
that is inconsistent with the LUC objectives or use restrictions, or any other action that will interfere with the 
effectiveness of the LUCs. DOE will notify EPA and KDEP regarding how DOE has addressed or will 
address the breach within 10 days of sending EPA and KDEP notification of the breach. 

The LUC monitoring results will be included in a separate annual report or as a section of another annual 
environmental report, if appropriate, and provided to the EPA and KDEP. The annual monitoring reports 
will be used in preparation of the Five Year Review to evaluate the effectiveness of the remedy. The 
annual monitoring report, submitted to the EPA and KDEP by the DOE, will evaluate the status of the 
LUCs and how any deficiencies or inconsistent land uses have been addressed. In the event DOE 
transfers the C-400 Area property, the annual evaluation will address whether 1) the use restrictions 
and controls referenced above were communicated in the deed(s) or transfer instrument(s); 2) the 
owners and state and local agencies were notified of the use restrictions and controls affecting the 
property; and 3) use of the property has conformed with such restrictions and controls. 

A summary of the monitoring frequency and implementation actions is provided in Table 2.  

5.1 MONITORING 

The LUCAP requires monitoring of LUCs quarterly throughout the remediation period unless 
justification for a different monitoring frequency is provided in the LUCIP (DOE 2000). The Property 
Record Notice filed for the C-400 Area will be monitored one time within one year of filing and then 
once every five years in conjunction with the CERCLA Five-Year Review. Similarly, the Deed 
Restrictions and Environmental Covenant will be monitored within one year of filing and then once every 
five years in conjunction with the CERCLA Five-Year Review. These reviews will ensure that the 
Property Record Notice, Deed Restrictions, and Environmental Covenant have been filed properly.  
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Table 2. Summary of LUC monitoring requirements for the C-400 Area at PGDP 

Type of control Purpose of monitoring Frequency and justification Implementation 

Property Record Notice To ensure that Property 
Record Notice recorded at 
the McCracken County 
Clerk’s Office is filed 
properly. 

• Frequency: to be monitored 
(i.e., verified) one time within one 
year of filing, and then once every 
five years in conjunction with the 
CERCLA Five-Year Review. 

• Justification: Property Record 
Notice is not expected to change 
once it has been filed.  

DOE will verify that 
Property Record Notice is 
recorded properly. 

 

Deed Restrictions To ensure that Deed 
Restrictions recorded at 
the McCracken County 
Clerk’s Office are filed 
properly. 

• Frequency: to be monitored 
(i.e., verified) one time within one 
year of filing, and once every five 
years in conjunction with the 
CERCLA Five-Year Review. 

• Justification: Deed Restriction is 
not expected to change once it has 
been filed.   

DOE will verify that Deed 
Restrictions are recorded 
properly in accordance 
with applicable federal 
and state law. 

Environmental Covenant To ensure that 
Environmental Covenant 
recorded at the 
McCracken County 
Clerk’s Office is filed 
properly. 

• Frequency: to be monitored 
(i.e., verified) one time within one 
year of filing, and once every five 
years in conjunction with the 
CERCLA Five-Year Review. 

• Justification: Environmental 
Covenant is not expected to 
change once it has been filed. 

 

DOE will verify that 
Environmental Covenant 
is recorded properly in 
accordance with 
applicable federal and 
state law. 

Excavation/ Penetration 
Permits Program 

To ensure that 
Excavation/Penetration 
Permits Program is 
functioning properly. 

• Frequency: to be monitored 
annually. 

• Justification: permits program is 
part of an established procedure 
and is not expected to be 
discontinued. 

DOE will verify that the 
contractor’s permits 
program is functioning 
properly in accordance 
with that described in 
Section 4.3. 

Access controls: 

• Implemented during 
installation and 
operation of ERH 
systems at the C-400 
Area (warning and 
informational signage, 
temporary fencing 
and/or barricades, and 
visitor sign-in controls) 

• Long-term access 
controls may be selected 
upon completion of the 
remedial action 

 

To ensure that access 
controls are functioning 
properly. 

 

• Frequency: to be monitored 
quarterly during installation and 
operations of the IRA systems 

• Justification: sufficient to verify 
condition and adequacy of 
controls during changing 
conditions resulting from 
installation and operations 
activities   

•                                            

• Frequency: monitoring frequency 
for long-term access controls to be 
determined upon selection 

 

DOE will verify access 
controls are functioning 
properly and located in the 
designated locations. 

 



 

12 

The E/P Program identified in this LUCIP will be monitored annually to verify that the program is 
functioning properly. Annual monitoring, initiated by the DOE contractor’s Project Assessment Schedule, 
will be completed by June 30 of each year. Annual monitoring is appropriate for this LUC, since the E/P 
Program is part of an established procedure and is not expected to be discontinued. 

Access controls implemented during installation and operation of ERH systems will be monitored 
quarterly to verify condition and adequacy during the remedial action; other required access controls will 
be monitored at the frequency identified when the access controls are selected (i.e., upon completion of 
the remedial action) to verify that access controls are functioning properly. 

5.2 FIELD INSPECTIONS 

Field inspections of the C-400 Area will be conducted annually to verify the following: 

• The land use remains industrial (i.e., no recreational or residential land uses); 
• Groundwater wells have not been installed and groundwater is not being used for any purpose; 
• Unpermitted excavation/penetration activities have not occurred; 
• Disruption of remedial/monitoring system has not occurred; and  
• Access controls remain intact and located in designated areas. 
  

These inspections will be documented and recorded using a checklist similar to the one provided in 
Appendix C. These records will be maintained in accordance with applicable sections of the LUCAP. 

6. MODIFICATION OF LUCS 

The aforementioned LUCs are expected to remain in place until the concentration of hazardous 
substances in the soil and groundwater is at such levels to allow for unrestricted use and unlimited 
exposure. However, if conditions at the site improve, land use objectives change, and the remedial goals 
are met, then the parties may agree to modify or discontinue a particular LUC. 

DOE will not modify or terminate the aforementioned LUCs or implementation actions, or modify land 
use without approval by EPA and Kentucky. DOE shall seek prior EPA concurrence before taking any 
anticipated action that DOE anticipates would disrupt the effectiveness of the LUCs or any action that 
would alter or negate the need for LUCs. The request by DOE to modify/discontinue a LUC will include 
an adequate justification and must be in writing. The determination to modify or discontinue a particular 
LUC will be made by the EPA and Kentucky. The approval to modify or discontinue a LUC will be 
documented in writing and placed in the Administrative Record file. If changes to the LUCs are deemed 
significant and affect the scope of the remedy, then an Explanation of Significant Differences or 
Amendment to the C-400 Cleaning Building ROD may be required. 

DOE will in writing notify EPA and KDEP 60 days in advance of any proposed land use changes that are 
inconsistent with LUC objectives or the selected remedy. 
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7. ENFORCEMENT OF LUCS 

DOE is responsible for implementing, maintaining, monitoring, reporting on, and enforcing the LUCs. 
Some of the LUCs, such as the Access Controls and the E/P Permit Program, are being implemented by 
DOE and/or its contractors at PGDP. 

Although DOE may transfer these procedural responsibilities to another party by contract, transfer 
agreement, or through other means, DOE will retain ultimate responsibility for the remedy integrity, 
including the LUCs, to the extent provided by applicable law. However, DOE’s ultimate responsibility will 
not diminish the transferee’s responsibility for conducting such activities in accordance with any 
agreement with DOE  

Any activity that is inconsistent with the LUC Objectives or use restrictions or any other action that may 
interfere with the effectiveness of the LUCs will be addressed by DOE as soon as practicable, but, in no 
case, will the process be initiated later than 10 days after DOE becomes aware of the breach.  
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NOTICE OF ENVIRONMENTAL CONTAMINATION AND LAND USE 
RESTRICTIONS 

PURPOSE 

The purposes of this document are to 1) provide notice of the environmental contamination in the C-400 
Cleaning Building area property at the Paducah Gaseous Diffusion Plant (PGDP) owned by the U.S. 
Department of Energy (DOE) and located in McCracken County in the Commonwealth of Kentucky; 2) 
summarize the CERCLA remedial action to be undertaken by DOE in order to protect human health and 
the environment; and 3) describe the land use restrictions that apply to the C-400 Cleaning Building area. 

NOTICE OF ENVIRONMENTAL CONTAMINATION  

The C-400 Cleaning Building area subsurface soil and groundwater are contaminated with volatile 
organic compounds (VOCs) such as TCE and its breakdown products (trans-1,2-dichloroethene, cis-1,2-
dichloroethene, and vinyl chloride) and 1,1-dichloroethene, as well as tetrachloroethene, carbon 
tetrachloride, chloroform, 1,1,1-trichloroethane, 1,1,2-trichloroethane, and toluene. The primary 
contaminant of concern for the C-400 Cleaning Building area is the TCE contamination in subsurface soil 
and groundwater. Both the Upper Continental Recharge System (UCRS) and the Regional Gravel Aquifer 
(RGA) contain high VOC concentrations. Three groundwater plumes of dissolved contaminants have 
migrated beyond the secured fenced area (see Figure A-1). Groundwater from the C-400 Cleaning 
Building area flows primarily with the PGDP's Northwest Plume, but also contributes to the Northeast 
Plume. The PGDP's Northwest Plume reaches approximately 4.6 km (2.8 miles) beyond the PGDP 
security-fenced area to Little Bayou Creek in the Ohio River floodplain. The Northeast Plume extends 
approximately 3.5 km (2.2 miles) from the east side of PGDP northward to Metropolis Lake Road. TCE 
and other VOCs from the C-400 Cleaning Building area also may contribute to the Southwest Plume. The 
Southwest Plume extends approximately 0.2 km (0.1 miles) west of the PGDP security fence and is 
contained within PGDP property.  

Attachment 1 to this Notice is a survey plat showing the major areas of concern as depicted in Figure 8 of 
the Record of Decision for Interim Remedial Action for the Groundwater Operable Unit for the Volatile 
Organic Compound Contamination at the C-400 Cleaning Building at the Paducah Gaseous Diffusion 
Plant, Paducah, Kentucky, DOE/OR/07-2150&D2/R2, July 2005, which corresponds to the hatched area 
in Figure A-2. 

CERCLA INTERIM REMEDIAL ACTION 

A Record of Decision (ROD) issued by DOE and the U.S. Environmental Protection Agency (EPA) with 
concurrence from the Kentucky Environmental and Public Protection Cabinet (KEPPC), specifies the 
selected interim remedial action that DOE must implement to remediate the VOC contamination within 
the C-400 Cleaning Building area in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA), as amended, 42 USC Section 9601 et seq. The 
selected remedy consists of the following actions: 

• A remedial design investigation to further determine areal and vertical extent of the contamination in 
the C-400 Cleaning Building area to determine optimum placement of the remediation system. 

 
• Removal and treatment of TCE and other VOCs from the contaminant source zone in the UCRS and 

RGA at the C-400 Cleaning Building area using an Electrical Resistance Heating remediation system. 
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Figure A.1.  Trichloroethene Plume Locations
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Figure A.2.  LUC Boundary for the C-400 Area
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• Implementation, maintenance, and reporting of Land Use Controls (LUCs) to prevent unacceptable 
exposure to contamination in the C-400 Cleaning Building area. 

 
• Continuation of groundwater monitoring of the source and dissolved-phase plumes, since  

contamination would remain in place following the interim remedial actions. 

More detailed information about the contamination at the C-400 Cleaning Building area of PGDP and the 
interim remedial action may be found in the CERCLA documents that are part of the Administrative 
Record File relating to selection, design, and implementation of the actions specified in the ROD. These 
documents are available for public inspection during regular business hours at the Environmental 
Information Center in the Barkley Centre, Paducah, Kentucky, and at the Paducah Public Library. 

LAND USE RESTRICTIONS 

The selected remedy for C-400 Cleaning Building Area includes the following LUCs: Property Record 
Notice, Deed Restrictions, Environmental Covenant, an Excavation/Penetration Permits Program, and 
Access Controls that are applicable to the area depicted in Figure A-2 (hatched area). Attachment 1 is a 
survey plat of the C-400 Area that depicts the groundwater contamination (so-called Impacted Area) that 
is subject to the land use restrictions described below that will be included in an Environmental Covenant 
and property transfer documents. Any person who is unsure whether DOE has authorized a proposed use 
in the areas covered by the ROD should contact the U.S. Department of Energy, Paducah Site Office, 
P.O. Box 1410, Paducah, Kentucky 42001, (270) 441-6800, prior to proceeding with such use. 

An Environmental Covenant will be created for this area in accordance with federal and state law, 
including KRS 224.80-110, and recorded prior to any other interests (e.g., liens, mortgages, leases, 
easements, licenses, profits, servitudes, covenants, or life estates) being created in the DOE property 
described above (Figure A-2 hatched area and Attachment 1) or before any actual transfer of such 
property. Additionally, in the event DOE transfers fee title to any portion (i.e., parcel) of this area, DOE 
will comply with applicable requirements, including the transfer provisions of CERCLA Section 
120(h)(3) and the Paducah Federal Facility Agreement. Both the Environmental Covenant and any 
deed(s) of fee title transfer will include restrictions on groundwater and land use consistent with the 
following: 

A. Prohibited Uses:  

i.) No residential use of the Impacted Area shall be permitted, including any residence or dwelling,  
house, apartment, or condominium, or other purposes with a similar potential for human exposure 
such as elementary and secondary schools, child care facilities, and playgrounds. 

 
ii.) No recreational use of the Impacted Area shall be permitted. 

B. Prohibited Activities: 

i.) Groundwater at the Impacted Area shall not be used except to the extent that such use has been 
approved by the U.S. Department of Energy, U.S. Environmental Protection Agency, and the 
Kentucky Environmental and Public Protection Cabinet. 

 
ii.) No soil at the Impacted Area shall be disturbed unless in accordance with the DOE 

Excavation/Penetration Permits Program or by obtaining the written approval of the Director, 
Division of Waste Management, Kentucky Environmental and Public Protection Cabinet. 
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iii.)   Except as necessary to protect human health, safety or the environment, no action shall be taken,            
allowed, suffered, or omitted on the Impacted Area if such action or omission is reasonably likely 
to:  

a. Create a risk of migration of hazardous substances, pollutants or contaminants or a potential                   
hazard to human health or the environment; or  

b. Result in a disturbance of the structural integrity of any engineering controls designed or     
utilized at the Impacted Area to contain hazardous substances, pollutants or contaminants or 
limit human exposure to hazardous substances, pollutants or contaminants.   

Additional facts may be contained in the DOE Realty Office's Land Notation. The DOE Realty Officer 
can be contacted in the Real Property Management Office of the Environmental Management 
Consolidated Business Center, Office of Logistics Management at 250 E. 5th Street, Suite 500, 
Cincinnati, OH 45202, (513) 246-0500. 
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Attachment 1 

 

(This attachment will contain the survey plat to be prepared by a registered land surveyor.) 



 

 

 
 
 
 

APPENDIX B 
 

RESTRICTIONS TO BE INCORPORATED INTO ENVIRONMENTAL 
COVENANT 
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RESTRICTIONS TO BE INCORPORATED INTO ENVIRONMENTAL 
COVENANT 

 

A. Prohibited Uses:  
 

i. No residential use of the Impacted Area shall be permitted, including any residence or 
dwelling,  house, apartment, or condominium, or other purposes with a similar potential for 
human exposure such as elementary and secondary schools, child care facilities, and 
playgrounds. 

ii. No recreational use of the Impacted Area shall be permitted 
 
B. Prohibited Activities: 
 

i. Groundwater at the Impacted Area shall not be used except to the extent that such use has 
been approved by the U.S. Department of Energy, U.S. Environmental Protection Agency, 
and the Kentucky Environmental and Public Protection Cabinet. 

ii. No soil at the Impacted Area shall be disturbed unless in accordance with the DOE 
Excavation/Penetration Permits Program or by obtaining the written approval of the Director, 
Division of Waste Management, Kentucky Environmental and Public Protection Cabinet. 

iii. Except as necessary to protect human health, safety or the environment, no action shall be 
taken, allowed, suffered, or omitted on the Impacted Area if such action or omission is 
reasonably likely to:  
a. Create a risk of migration of hazardous substances, pollutants or contaminants or a 

potential hazard to human health or the environment; or  
b. Result in a disturbance of the structural integrity of any engineering controls designed or 

utilized at the Impacted Area to contain hazardous substances, pollutants or contaminants 
or limit human exposure to hazardous substances, pollutants or contaminants.  
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EXAMPLE LAND USE CONTROLS CHECKLIST 
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EXAMPLE 

C-400 AREA 
LAND USE CONTROLS CHECKLIST 

Inspector(s):   Date:  
   
   
 
Inspector: For unsatisfactory conditions list any deficiencies under the “Deficient Condition or Comment” column. 

LAND USE CHANGES (Industrial Land Use Assumed) NA Yes No Deficient Condition or 
Comment 

Is there evidence (visual, physical, or otherwise) to indicate that there have 
been changes to land use (e.g., bike trails or hunting grounds)? 

 

    

Is there evidence (visual, physical, or otherwise) to indicate that there has 
been residential use of the Impacted Area (including any residence or 
dwelling, house, apartment, or condominium, or other purposes with a 
similar potential for human exposure such as elementary schools, child care 
facilities, and playgrounds)? 

 

    

Is there evidence (visual, physical, or otherwise) to indicate that there has 
been recreational use of the Impacted Area? 

 

    

ACTIVITIES NA Yes No Deficient Condition or 
Comment 

Have any groundwater wells (for consumption of water) been installed?     
Is there evidence of trenching or excavation other than that specifically 
addressed by an Excavation/Penetration Permit? 

    

Are Access Controls intact and located in designated spots with the C-400 
Area? 

    

Is there evidence that remedial or monitoring systems have been tampered 
with, disrupted, or destroyed? 

    

Has an unauthorized groundwater well(s) been installed within the C-400 
Area? 

    

Is there evidence of any prohibited uses of the groundwater (including 
consumptive, irrigation, industrial uses, etc.)? 

    

REVIEWS NA Yes No Deficient Condition or 
Comment 

Has the recording of Property Record Notice and Deed Restrictions been 
verified at the County Court Clerk’s office? 

    

Are the Property Record Notice and Deed Restrictions up to date?     
 
 
 




